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RABID: An Integral Transport- theory Code 
for Neutron Slowing Down in Slab Cells 

by 

Arne P. Olson 

ABSTRACT 

This report consists of the theory behind the methods 
used in the RABID code to solve the integral t ransport equa
tion in slab geometry for cells with repeating boundary con
ditions, together with a u s e r ' s guide, sample problems, and 
code listings. Space- and lethargy-dependent slowing-down 
sources are used with cross sections obtained by the single-
level Breit-Wigner formalismfor s-and p-wave resonances, 
to calculate resonance absorption, broad-group average 
fluxes and cross sections, and foil reaction ra t e s . 

RABID is coded inFORTRAN-IV for the I B M / 3 6 0 - 7 5 . 
A core requirement of 420 k bytes permits up to 300 r e s o 
nances, 20 mater ia ls having resonances, 10 mater ia ls with
out resonances, 30 regions in the cell, and 25 broad groups. 

I. INTRODUCTION 

A tractable approach to the computation of resonance absorption, 
average neutron fluxes, and group cross sections for multiplate fast-
reactor cells of the ZPR type has been developed by Kier and Robba.' 
Their technique, described here as the "RABBLE Method," assumes that 
the neutron currents at plate interfaces can be resolved into two compo
nents: one with a cosine angular distribution, the other with a cosine-
squared angular distribution. This assumption enables the definition of 
t ransmission probabilities for these current components and, together 
with escape probabilities for spatially flat isotropic sources, leads to a 
simple solution of the spatial part of the integral t ransport equation. 

A more accurate t reatment of the spatial dependence of neutron 
flux is possible if one makes no assumptions about the angular distribution 
of the interface currents . Instead, the integral t ransport equation is solved 
"exactly" by the RABID code under the assumption that the slowing-down 
source is spatially linear, rather than flat as in RABBLE. 

Initially, RABID consisted of the RABBLE code with a completely 
changed coll ision-rate calculation Major evolutionary changes and 



i m p r o v e m e n t s h a v e s i n c e a f fec ted v i r t u a l l y e v e r v =,. f t j . , 
t „™ DAn-uT T:' T-- , . / ^ e v e r y s e c t i o n of code t a k e n 
f r o m R A B B L E . F o r e x a m p l e , i n p u t / o u t p u t snKi-r^, 4-- ,. , -, ^A 
,. J , .̂ ., , ., 1 , ^ , / "^^i-puc s u b r o u t i n e s have b e e n changed 
to d e a l wi th foil c a l c u l a t i o n s and t r a n s v e r s e burVH„„o r~%. • ^x. 

,. 1 ,- v c i o e DucKimgs. C h a n g e s m the 
c r o s s - s e c t i o n s u b r o u t i n e s now p e r m i t p - w a v e r o c o c o - j j - <-̂  

„ , , . , ^ ^ wdve r e s o n a n c e s m add i t i on to 
s - w a v e s . The s l o w m g - d o w n - s o u r c e c a l c u l a t i o n now a c c o u n t s for m g r o u p 
s c a t t e r i n g and u s e s m u c h m o r e e f fec t ive s t o r a g e of s c a t t e r i n g r a t e s to 
r e d u c e or e l i m i n a t e e r r o r s in the s o u r c e c o n t r i b u t i o n f r o m fine g r o u p s 
one s c a t t e r i n g i n t e r v a l d i s t a n t . T h e s e and o the r t o p i c s wi l l be d e v e l o p e d 
a t g r e a t e r l eng th . II. T H E O R Y 

A. I n t e g r a l T r a n s p o r t E q u a t i o n 

The i n t e g r a l f o r m of the B o l t z m a n n t r a n s p o r t e q u a t i o n in a s o u r c e -
f r e e inf in i te m e d i u m i s 

0(; ' n) = f f f ~7< r " ^ " ' ^ s ^ ^ ' ' ^ ' ) P ( " ' " ^) exp[-Z.t ,(u, ? ) ! ? - ? | ] 

J J J ""],-, 4771"?. 7'P ' (1) 

w h e r e the s c a t t e r i n g r a t e a t l e t h a r g y u' and s p a c e poin t ? ' i s 

F s C u ' , ? ) = 2 ; s ( u ' ) 0 ( ? , u ' ) . (2) 

The p r o b a b i l i t y p e r uni t l e t h a r g y t h a t a n e u t r o n i s s c a t t e r e d f r o m u' to 

P ( u ' - * u ) = -

w h e r e 

1 - a 

L 0 , 

1 e - ( " - ^ ' ) u > u' a u - e , 

u' < u - e, 

and A is the r a t i o of t a r g e t n u c l i d e m a s s to n e u t r o n m a s s . 

E q u a t i o n 1 can be r e d u c e d to o n e - d i m e n s i o n a l f o r m for inf in i te s l ab 
g e o m e t r y by i n t e g r a t i n g over the o the r two s p a t i a l c o o r d i n a t e s a s fo l lows : 



rrrd7'F^{u',?'} exp[-z^(u,"?')|?-r'|] 
JJJ 47r|r-r'|^ 

r r°° 27rr dr exp[-E^(u, r')(r^ + |x - x'|^)'^^] 
= J dx 'Fs(u ' ,x ' ) / ; — 

Jo 47:(r2 + |x-x' |2) 

= / d x ' F s ( u ' , x ) ^°° exp[-Zt(u) |x-x ' | t ] dt / t 

= i / d x ' F s { u ' , x ' ) E , [ 2 t ( u ) | x - x ' | ] , (4) 

where the scattering source now depends only on x' and u', and the 
exponential integral functions are^ 

En(Z) = j exp(-Zt) dt / t" . (5) 

Equation 1 now becomes 

0(x, u) = i fdx' r d u ' F s ( u ' , x ' ) P ( u ' - u ) E , [2 t (u ) | x -x ' | ] . (6) 
' 0 

The following similar equation for the neutron current can be obtained 

J(x,u) = i /dx- j d u ' F s ( u ' , x ' ) P ( u ' - u ) E2[Zt(u) |x-x ' | ] . (7) 

The lethargy dependence must now be converted from a continuous 
function to a multigroup formalism in which the group lethargy width is very 
narrow (Au S 10"^). Now define 

/ -U« 

0^(x)Au = I 0(x, u') du', (8) 

-'rnin 

fsi(x')Au = / ^ ' ' du 'F3 (u ' , x ' ) , (9) 

•'•mm 

(where u^^^.^ and u^^^^ are lower and upper lethargy bounds, respectively, 

corresponding to group &), 



ruo+Au .Uo-(£-l)Au 
P^Au = — - I du / du. e - ( — ' 

* 1 - "̂  ^ 0 •>'uo-iAu 

1 

= ( l - e - ^ ^ ) \ - a . O A u 
1 - a 

1, 2, ..., L, (10) 

and 

P.Au = ^ ^ / " ^ ' ^ du f du. e - ( u - ) ^ ^ (AU- 1 . e - A u ) . (11) 

Let L = e/Au be an integral number of groups (by a minor adjustment to 
the mass rat io A, if necessary) . Then the slowing-down source in group k 
from all other groups is 

L 
Sok(x.) = X fsk-f('^')P.eA^ - '^2:sk-i*k-LPsAu, (12) 

and the ingroup (self-scatter) source is 

Ssk('<') = 2sk*kPsAu, 

where PgAu is the probability for self-scat ter . Some of the neutrons 
scattered in group k - L cannot reach group k, leading to the t e rm 

aSsk-L*k-LPsAu. 

Now Eqs. 6 and 7 become 

0k(x) = i / d x ' 

L 
f fsk-i(^')P.eA^+^sk*kPsAu E i ( 2 t k | x - x . 1) (13) 

and 

Jk(x) = l / d x ' I fsk-#')P.eA^+^sk«kPsA^ E2(Ztk|x-x. I). (14) 

B. Collision Rates 

The collision rate within a plate is the difference between the 
uncollided current in and the uncollided current out. For example, the 
current at T mean free paths beyond a plate of optical thickness Tj is 

10 



J(T.T,) = i I dx.[So(x.) + Ss(x.)] E2(T+Ztix.). (15) 
-'o 

Since the self-scatter t e rm is never more than 1 or 2% of the total 
source, it is a good approximation to assume that both source components 
have the same x.-dependence; that i s , 

S(x.) = So(x.) + Ss(x.) = S + (x' - t i / 2 ) AS/t,. (16) 

Then, 

J (T .T , ) = i / dx' S(x.)E2(T+2:t,x.) = ^ [ E 3 ( T ) - E 3 ( T + T,)] 

+ | | { [ E 3 ( T ) + E3(T, + T ) ] / 2 - ^^ [E4(T) - E , (T , + T ) ] | . (17) 

To obtain the collision rate in plate 2 due to the source in plate 1, 
in which T mean free paths separate the plates, one evaluates Eq. 17 at 
both sides of plate 2: 

C R ( 1 - 2 ) = 7(-r, Ti) - J'(T+T2,TI). (18) 

Assuming an a r ray of unit cells which repeat to infinity in both directions 
(periodic boundary conditions), the contribution by all plates of type 1 
(in a given direct ion--the superscript arrow denotes this direction) is 

CO 

C R j l - 2 ) = Y [7(T+mh,Ti)-j'(T + T2) + mh,Ti)], (19) 
m=o 

where h is the optical thickness of the unit cell. The average collided flux 
is 

0 = CR/Zf (20) 

Equation 19 evaluated in forward and backward directions yields 
collision probabilities in an N-region unit cell of the form 

/ P „ P2, ... P N I 

p ^1 P12 P22 ••• P N 2 

\ PiN P2N ••• P N N / 

where Pi^ = [ C R j i - j) + C R j j - i)]/Si. 

11 



With sources and collision ra tes written as vectors , the t ransport equation 
becomes 

CR = P[SO + R C R ] , (21) 

where ^ is a diagonal mat r ix 

R 

^ s P s 

Solving Eq. 21, we obtain 

CR = [ P ' ' - R ] ' ' So. (22) 

RABID uses MATINV^--a standard'ANL System/360 Library 
Subroutine--to perform the matr ix inversions shown in Eq. 22. This 
routine is very fast, relative to the time involved in calculating the 
P matr ix . Computation time increases only a few percent , relative to 
an approximate method of solving Eq. 21 which bypasses the mat r ix in
vers ions . Fo r completeness, the approximate method formerly used will 
now be described. 

A simple but reasonable approximation is to solve Eq. 21 using an 
estimate of CR on the right-hand side. In general , the variation of collision 
ra tes from fine group k - 1 to fine group k is a few percent or l e s s . Also, 
the ingroup-scat tered source contribution is very small . Equation 21 is 
approximated as follows: 

CRj^ ~ CRk-i, in right-hand side; (23) 

CRi, = P[Sok+RCRk-J = PS ' . (24) 

Now correc t the source using the best estimate available for CRk, 

S - S". = R(CR. - CRk-i). (25) 

This accounts for single ingroup scattering collisions. Multiple ingroup 
scattering collisions lead to 

S - S. = R ( i - R ) ' ' (CR. -CRk- i ) . (26) 

12 



The increment to the coll ision-rate vector is also S - S', if one ignores the 
spatial t ransfer of this very small correction. The coll is ion-rate vector 
becomes 

CRk = CR|^ + S - S. . (27) 

In the limiting case of one-region (homogeneous) problems, the exact 
solution of Eq 22 is 

CRk = Sok/(l - R ) . (28) 

which is also obtained by the approximate method. 

We have seen that this approximation method is exact for homoge
neous problems. Its basic fault for heterogeneous problems is the e r r o r s 
in the spatial t ransfer of ingroup-scattered neutrons. In the rather extreme 
example of a binary cell consisting of a heavy-atom absorber plate and a 
light-atom moderator plate, the flux in the absorber plate was overestimated 
by about 1% when it was optically thin. Physically, most of the ingroup-
scattered neutrons were produced by collisions in the absorber plate and 
should have suffered their next collision in the optically thick moderator 
plate. However, in the approximation method, the ingroup-scattered neu
trons tended to remain in the absorber plate, giving too high a flux there . 

To represent neutron losses by leakage from a finite-sized system 
with buckling B , one need only scale the collision-probability mat r ix £ by 
a nonleakage probability, PNL. A reasonable definition of PNL is obtained 
as follows: 

^ ^ ^ k = <Z,>, .<D>kB^ • (^9) 

where k is the fine-group index, Aj is the thickness of region i, 

KREG / K R E G 

<2t>k = 1 (2^tk0kA)i/ Z (0kA)i, (30) 

i= i / i= i 

the flux-volume-weighted total macroscopic cross section for the unit cell, 

KREG / K R E G 

<2t>k== I (2tk0k- .A)7 S (0k-iA)., (31) 

13 



and 

<D>, 

KCOMP 
3 Z Ai, 

m = i 

KMAT 
Z N 

^ a j 
^ ^ j m a t j ^ — + 1 - Moj, 

KCOMP 

z 
(32) 

This prescript ion for the diffusion coefficient comes from Weinberg and 
Wigner.'* Hopefully, a better recipe for <D> can be found, for example, by 
using a t ranspor t - theory code, which will account for leakage para l le l and 
perpendicular to the plates in slab geometry. Meanwhile, note that PNL is 
rather insensitive to e r r o r s in<D>, for large sys tems. Also, group-
averaged cross sections will in general be quite insensitive to <D>. P r o 
vision has been made to use broad-group-dependent bucklings in finite 
systems. 

C. Slowing-down Source 

The slowing-down source would be very time-consumiing to calculate 
directly because hundreds or even thousands of fine-group scattering ra tes 
contribute. Using the property that P^ = -"Aim, — „i_4._;_ ii._ 
following recursion relation: 

i u p ' i - i we can obtain the 

Sk = e - ^ X - i + (P i -e" ' ^"Ps ) [ (2s0)k- i " a(2:s0)k-L-i] 

+ Ps [ (2s0)k-a (2s0)k-L] - (33) 

Equation 33 is written for a single mate r ia l in a given region. General
ization to many mater ia ls and regions requi res that Eq. 33 be evaluated 
in a given region for all isotopes, as P j , Pg, and a a re material-dependent , 
while Zs0 depends b£th on mate r ia l and region. However, all we need to 
solve Eq. 21 are the SQ vector e lements . 

Sok Sv - P l(2s0)k- (34) 

All components of Sok are known, as (2s0)k_, is the previous fine-group 
scattering ra te , (Zs0)k.L 1^ obtained by parabolic interpolation from a 
table of scattering ra tes for each mate r ia l / reg ion pair , and (2s0)k-L- i ' 
the previous interpolated value of (Zs0)(k-i)-L- After Eq. 21 has been 

olved by performing the mat r ix manipulations of Eq. 22, the fluxes can 
be found by using Eq 
follows from Eq. 34 

20. Then the t e r m P„(2s0)k 1̂  calculated and Sk 

14 



D. Deletion of Ingroup Scattering 

The matr ix inversions of Eq. 22 can be eliminated (saving a few 
percent of computer time) by introducing the assumption that ingroup scat
tering does not occur. That i s , Pg = 0. To conserve neutrons, P^ as defined 
in Eq. 10 must be slightly altered. The sum of the downscatter probabili t ies 
must remain unity. Noting that 

L 
Z P^ = 1 - e-Au / 1, (35) 

1=1 

we see that dividing P^ by 1 - e" ^ will conserve neutrons when ingroup 
scattering has zero probability. In that case. 

P)Au = P»Au/(l -e-Aii) = i-f-2 ^e-(^-OAu^ i = 1, 2, ,,., L. -^AU = ^^Au/u - e " - ; = — j - r ^ (36) 

The user can decide whether to include ingroup scattering by his choice of 
the value for the input variable KS, An exhaustive study has not been made 
to establish how important this choice is . Certainly in many typical prob
lems, where L * 100, one can safely ignore ingroup scattering. Problems 
for which L < 100 should be examined using both options before a rb i t ra r i ly 
Ignoring ingroup scattering. 

III, STORAGE OF SCATTERING RATES 

In the past, RABBLE' and RABIEf have been known to generate 
absorption probabilities in excess of unity, and slowing-down sources less 
than zero. These events were the resul t of overapproximations in calculating 
the slowing-down sources. Originally, scattering ra tes were stored for each 
mater ia l (isotope or element) of each composition (which might be spatially 
averaged over several regions), lethargy-averaged over each intermediate 
group. Removing the spatial averaging eased the problem somewhat. Then 
a better system of lethargy-averaging was devised for RABID which gave 
further improvements by better utilizing the memory space available. The 
intermediate group size no longer was involved; instead, a lethargy width 
was optimally chosen for each mater ia l . 

At this point, 200 scattering rates were retained--enough to eliminate 
lethargy averaging for heavy mater ia l s . The latest development is to retain 
a variable number of scattering ra tes . This number is problem-dependent 
and is automatically chosen to be as large as possible. The method el im
inates waste storage formerly reserved for zero-density mater ia ls and 
space for extra mater ia ls not in use. 

15 



To give an e x a m p l e , s u p p o s e one had a t w o - c o m p o s i t i o n p r o b l e m 
with 10 r e g i o n s (five of e a c h c o m p o s i t i o n ) , w h e r e one c o m p o s i t i o n had 
four m a t e r i a l s , and the o the r had two . A t o t a l of 30 p l a t e / m a t e r i a l c o m 
b i n a t i o n s * a r e invo lved in the s l o w i n g - d o w n - s o u r c e c a l c u l a t i o n . E a c h one 
wi l l have [ 4 0 , 0 0 0 / 3 0 ] i n t e g e r = 1333 w o r d s , v e r s u s 200 in the p r e v i o u s 
m e t h o d . H e n c e , l e t h a r g y a v e r a g i n g n e e d not be p e r f o r m e d at a l l in m a n y 
p r o b l e m s and i s over a n a r r o w e r l e t h a r g y r a n g e if r e q u i r e d . A l s o , i t i s 
now p o s s i b l e to solve a p r o b l e m wi th 30 c o m p o s i t i o n s , 20 i s o t o p e s , and 
300 r e s o n a n c e s u s ing only 420 k b y t e s . F o r a h o m o g e n e o u s p r o b l e m u s i n g 
KMAT m a t e r i a l s , the s p a c e p e r m a t e r i a l i s (40 ,000/T?MAT)in teger • 

The s c a t t e r i n g r a t e ( Z S 0 ) J ^ . L i s r e q u i r e d by Eq, 33 for e a c h r e g i o n / 
m a t e r i a l p a i r . T a b l e s of s c a t t e r i n g r a t e s a r e s t o r e d for e a c h p a i r a t equa l 
l e t h a r g y i n t e r v a l s wi th in a g iven b r o a d g r o u p . (They v a r y wi th b r o a d g roups 
b e c a u s e the f i n e - g r o u p width Au i s b r o a d - g r o u p d e p e n d e n t . ) The l e t h a r g y 
i n t e r v a l i s s e l e c t e d a u t o m a t i c a l l y to m a x i m i z e the n u m b e r of t a b u l a r e n t r i e s 
be tween g r o u p k and g roup k - L , c o n s i s t e n t wi th m e m o r y a v a i l a b l e . T h i s i s 
equ iva l en t to choos ing an i n t e r v a l wid th tha t i s the smia l les t p o s s i b l e i n t e g r a l 
m u l t i p l e of the f i n e - g r o u p width , and s t o r i n g the a v e r a g e s c a t t e r i n g r a t e 
over the i n t e r v a l . 

It i s not n e c e s s a r y to u s e the s a m e Au t h r o u g h o u t a p r o b l e m to 
m a i n t a i n a p r e s c r i b e d l e v e l of n u m e r i c a l a c c u r a c y . The Dopp le r width, 

/ 4 E k T \ V 2 

d e t e r m i n e s Au by the e m p i r i c a l r u l e , Au < w / 4 E , At l o w e r e n e r g i e s , Au 
can be i n c r e a s e d . Then an i n t e r p o l a t i o n s c h e m e i s n e c e s s a r y to e x t r a c t 
( Z s 0 ) k - L f^°"^ ^^^ t a b l e , s i n c e t he g r o u p b o u n d a r i e s e x t r a p o l a t e d b a c k 
f r o m g r o u p k wi l l not in g e n e r a l m a t c h up wi th the g r o u p b o u n d a r i e s p r e 
v i o u s l y u s e d when the s c a t t e r i n g r a t e s w e r e s t o r e d . 

The . .bookkeeping. ' i nvo lved in s t o r i n g s c a t t e r i n g r a t e s i s r a t h e r 
c o m p l i c a t e d . The fo l lowing d i s c u s s i o n (not a t a l l n e e d e d by, n o r r e c o m 
m e n d e d fo r , the c a s u a l u s e r ) i s for a f ixed t a b l e s i ze of 200 e n t r i e s . The 
code now u s e s a g e n e r a l i z e d t a b l e s i z e of NOX e n t r i e s for NISO p l a t e / 
m a t e r i a l p a i r s (NOX = 4 0 , 0 0 0 / N I S O - 1), 

At t h i s po in t , l e t u s def ine the p a r a m e t e r s involved in F O R T R A N -

coding the m e t h o d : 

J = i s o t o p e n u m b e r , 

IBG = b r o a d g r o u p n u m b e r of fine g r o u p k, 

*EachpIate/material combination is defined as a „on.ero-den«.y material in a given plate. 
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N = broad group number of fine group k - L , 

I = region number, 

K = composition number, 

U S T R ( I B G ) = lower lethargy bound of broad group IBG, 

DUSTR(IBG) = lethargy width of broad group IBG, 

M U L T ( J , N ) = multiplicity, or number of fine groups per averaging 
interval, 

INUl(j,N) = number of first averaging interval in broad group N for 
isotope J, 

I N U F ( J , N ) = number of last averaging interval in broad group N for 
isotope J, 

LM = number of averaging interval containing group k - L , 

M = LM (Modulo 200), 

Q = lethargy at center of fine group k - L , 

U = lethargy at upper end of fine group k, 

UMAX(j,IBG) = e for isotope J in broad group IBG rounded to closest inte
gral multiple of the fine-group lethargy width, 

JNU(j) = number of interval currently being incremented for 
isotope J, 

J M U L T ( J ) = number of fine-group scattering ra tes currently included 
in averaging interval JNU(J), 

UIGP = intermediate-group lethargy width, 

UFGP = fine-group lethargy width, 

and 

PL = fraction of averaging interval from center of interval LM 
to point Q, 

Using these definitions, we obtain 

MULT(J,IBG) = [l + UMAX(j,IBG)/(UFGP*173)].^^ggg^, (37) 

Although 200 values of scattering ra tes will be retained, one must 
account for the one currently being incremented which is unavailable for 
use, and also allow for an extra interval for the three-point interpolation 
scheme beyond fine group k - L , Also, extra intervals are required for 
25 broad-group boundaries. Then, 
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M U L T ( J , N ) 

S C A T ( J , I , J N U ( J ) ) = Y ( ^ S 0 ) £ , I / M U L T ( J , N ) . (38) 

F i g u r e 1 i l l u s t r a t e s the m e t h o d for M U L T ( j , N ) = 2 and 
MULT(J , IBG) = 3. 

Averaging 
Interval 

INUI(J,N) 

INUI(J,N) + 1 

INUI(J,N) + 2 ^ 

INUI(J,IBG) 

JNU(J) 

k - L 

P L = -0.25 

Broad -g roup boundary U = U S T R ( N ) 

k -1 
k 

UMAX(J,N) + O.SUFGP 

Broad-g roup boundary U = U S T R ( I B G ) 

Fig. 1. Details of Scattering-rate Storage and Retrieval 

P L = INUI(J ,N) + ( Q - U S T R ( N ) ) / ( U F G P N * M U L T ( J , N ) ) - 0.5 

L M = [ P L + 0.5], 

P L = P L - L M . 
i n t e g e r 

(39) 

T h e s c a t t e r i n g r a t e a t po in t Q i s obtained f r o m the L a g r a n g e t h r e e -

poin t f o r m u l a 

p(p- 1) .. „ . . PiPlll 
f (xo + ph) f . i + ( l - p ' ) f o + fi. (40) 
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>202 

101 < A < 202 
67 < A < 101 
51 < A < 67 
40< A < 51 
33< A <40 

29< A < 33 

25 < A < 29 
23 < A < 25 
20 < A < 23 

0 
<0, 

,0198 < 
0.0396 < 
0 
0 
0 

,0584 < 
,0792 < 
,0990 < 

0198 
e < 0,0396 
e < 0 
e < 0, 
e< 0, 
e < 0 

,0584 
,0792 
,0990 
.1188 

where f(x) = Zs0(u), PL = p, and fo is <Zs0> at the center of averaging 
interval LM. 

In many problems, a fine-group width of 10"* lethargy units is 
adequately small . The following table indicates the worth of retaining 
scattering ra tes by this method for a fine-group width of 10"^, for a fixed 
table length of 200. 

No. of Fine Groups 
Atomic Weight e per Averaging Interval 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Although light isotopes require several fine groups per averaging 
interval, the effect of e r r o r s due to averaging in scattering ra tes is reduced 
because the relative size of the source correction varies roughly as the 
atomic weight. Equivalently, the number of fine groups in the range e 
roughly var ies inversely with atomic weight. Another helpful condition 
a r i se s from the fact that resonances tend to be broader for lighter isotopes, 
which permi ts a wider averaging interval for the same accuracy. 

IV, FOILS BETWEEN REGIONS 

A standard experiment on ZPR-type fas t - reactor mockups is that 
of determining relative reaction rates within a unit cell by means of "small" 
(in both thickness and diameter) foils placed between the plates . It is 
reasonable to assume that the foils have essentially no effect on the neutron-
flux distribution in a typical unit cell. Using this assumption, one can obtain 
the following collision rate in the foil by evaluating Eq, 18 at both sides of 
the foil (rf mean free paths thick): 

C R ( l - f o i l ) = " J ( T , T I ) -•j(T + Tf,T,). (41) 

Again, assuming an a r ray of unit cells which repeat to infinity in both 
direct ions, the contribution by all plates of type 1 in a given direction is 

19 



CR,^(l-foi l ) = Y [j('^+>^li. ^i) -^(-r + Tf + mh,Ti)]. (42) 

The assumption that the foil has no effect on the cell means that 
the optical thickness of the unit cell h does not include Tf and that there 
is no slowing-down source in the foil. Also, the optical thickness T between 
plate 1 and the foil does not include contributions by foils at interfaces. 

V, RESONANCE CROSS SECTIONS 

The R A B B L E ' c ross-sec t ion generation routine XSECT has been 
modified to account for the dependence of s-wave c ross sections on scat-
te re r mass number. The factor in the Brei t-Wigner formula of TT^^ was 
assumed to be 2.62 x lO' b/eV in RABBLE, good enough for most resonant 
mater ia ls (heavy atomic weights). It is now more correct ly calculated as 

2.60385 X lO' ( l+—) b/eV, where A is the sca t te rer mass nunaber. The 

s-wave resonance cross sections are 

a | = a | £ f f ( t x ) . ( ^ P ^ r x ( ? , x ) (43) 

and 

where 

^ i L l i l y(^,,), (44) 

peak height of s-wave resonance 

2.60385 

2 

x l O V , 1 V 3 I n 

1 V^l) S J T ^ 

^ 3 ( E - E „ ) , 

r ^ = r-̂  + rf + r^ , 

J = total spin of compound nucleus, 

I = spin of target nucleus, 

E = neutron energy (in laboratory), eV, 
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and 

E(j = r e s o n a n c e e n e r g y (in l a b o r a t o r y ) , eV, 

Jp = p o t e n t i a l s c a t t e r i n g c r o s s sec t ion . 

F u r t h e r m o d i f i c a t i o n s now p e r m i t t r e a t m e n t of p - w a v e r e s o n a n c e s 
a s fol lows:^ 

p p n / Lo 
s 0 T ^ P V E 

rP 
aP = a P ^ . 

f 0 pp 

p . p ' ^ T / ^ 

^(?,x) + i ^ X ( 4 , x ) + ( i ^ ) [ 1 - Y ( e , x ) ] | , (45) 

¥(e.x) + ^ ^ x ( e , x ) 

rp 
¥(?,x)+^^x(4,x) 

a n d 

w h e r e 

jP = aP + Q P . a f -y ' 

(46) 

(47) 

(48) 

a = p e a k he igh t of p - w a v e r e s o n a n c e 

pP 
2.60385 X 10^ / ]_y p " 

|Eo| 1̂  ^AJ Ĵ j,p' 

X = — ( E - E o ) , 

rP 
rP = rP + rP + r? 

-y I n 

J = t o t a l spin of compound n u c l e u s , 

I = sp in of t a r g e t n u c l e u s , 

E = n e u t r o n e n e r g y (in l a b o r a t o r y ) , eV, 

EQ = r e s o n a n c e e n e r g y (in l a b o r a t o r y ) , eV, 

r ^ = Tn yE'oVi(E„), 

OpEo 
'i(Eo) 

2.60385 X 10^ (•4)' 
= p - w a v e p e n e t r a t i o n f a c t o r , 

+ OpEo 
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Fj. = r e d u c e d n e u t r o n width , 

and 

Op = p o t e n t i a l s c a t t e r i n g c r o s s s e c t i o n . 

D o p p l e r - b r o a d e n e d l i n e - s h a p e func t ions ¥ and X a r e ob ta ined f r o m 
the c o m p l e x p r o b a b i l i t y i n t e g r a l W a s fo l lows: 

. ( e , x ) = i | ^ R e w ( ^ , | ) , (49) 

and 

X :? ,x) = ? V ^ I m w ( ^ , | ) . (50) 

Va lues of Re W and Im W a r e ob ta ined f r o m s u b r o u t i n e QUICKW,^ 

VI, O U T P U T E D I T 

As e x p l a i n e d in the I n t r o d u c t i o n , m u c h of the R A B B L E code was 
in i t i a l ly u s e d in RABID and mod i f i ed a s n e c e s s a r y . The output ed i t i s 
c o m p o s e d of a l l the n o r m a l R A B B L E output p lu s r e s o n a n c e i n t e g r a l s , 
spec i a l output for foi ls a t i n t e r f a c e s in the uni t c e l l , the e x e c u t i o n t i m e , 
and a t ab l e showing the n u m b e r of fine g r o u p s u s e d to l e t h a r g y - a v e r a g e 
s c a t t e r i n g r a t e s for e a c h m a t e r i a l in e a c h b r o a d g r o u p . The ed i t ed 
quan t i t i e s wi l l now be def ined , a f te r the n o m e n c l a t u r e i s e s t a b l i s h e d . 

V a r i a b l e Def in i t ion 

k F i n e - g r o u p i n d e x 

I I n t e r m e d i a t e - or b r o a d - g r o u p i n d e x 

i Reg ion i n d e x 

j M a t e r i a l i n d e x 

l, I n t e r f a c e i n d e x (i = 1 a t r i g h t of f i r s t r e g i o n ) 

m C o m p o s i t i o n i n d e x 

n F o i l - c o m p o s i t i o n i n d e x 

0ik S p a t i a l l y i n t e g r a t e d flux p e r un i t l e t h a r g y in fine g r o u p k and 

r e g i o n i 

,R^, = 0 , k 2 J ^ A u = r e a c t i o n r a t e for p r o c e s s z (f = f i s s ion , 
, ^ -̂ t.t-^r-\^c,\ in fine g roup k i n t e g r a t e d 

a b s o r p t i o n , s = s c a t t e r i n g ; m ii"<= B r-

^ik = "Pik-^z 
a 
over r e g i o n i 
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V a r i a b l e Defini t ion 

Au F i n e - g r o u p l e t h a r g y width 

Aj T h i c k n e s s of r e g i o n i (cm) 

^ U j L e t h a r g y width of i n t e r m e d i a t e or b r o a d g r o u p I 

Uj Lower l e t h a r g y bound of g r o u p I 

Xm Left b o u n d a r y of c o m p o s i t i o n m (xj = 0) 

Njm A t o m n u m b e r d e n s i t y of m a t e r i a l j in c o m p o s i t i o n m 

A, R e g i o n a l A v e r a g e F l u x 

' ' ' - 7 ^ . ^AIAUT- ^''^ 

B. C o m p o s i t i o n - a v e r a g e d F l u x 

r '^m+i r ^ i + i 
j ^ dx j 0 (u ,x ) du X 0 i i 

^ n ^̂ I ^ i 

r-m+i pi+i ~ Yl 
' ^ " I 

m l = ::7 = — • (52) 

Xm ^ I 

C, C e l l - a v e r a g e d F l u x 

dx / 0(u, x) du — 
j „ Z 0ml^m 

I m 

J n - 'U 

"!+' , I A^ 
du m 

(53) 

-'I 

D, C o m p o s i t i o n - a v e r a g e d M i c r o s c o p i c C r o s s Sec t ion for P r o c e s s z 

j dx j Z i ( u ) 0 ( u , x ) d" 1 1 zR: 
_aJ i k z ^ i k 

f " ' ^ ' dx f ^" '̂ 0 ( u , x ) du ^J"^ ? ? *ik Njm 
- u i 
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E. C e l l - a v e r a g e d M a c r o s c o p i c C r o s s Sec t i on for P r o c e s s z 

r ^1+1 
dx / 0 ( u , x ) z Z ( u , x ) du 1 1 Z zR-j^ 

Z , = _ ^^ = i - i J ^ . (55) 

dx / 0 ( u , x ) d u '^ ^ * ik 
/ 
•J a ' " I 

In the above five d e f i n i t i o n s , J] i s ove r a l l fine g r o u p s wi th in 
k 

G r o u p I 2 i s over a l l r e g i o n s in the c o m p o s i t i o n m , and 1 i s ove r a l l 
i j 

m a t e r i a l s , 

F . R e s o n a n c e I n t e g r a l for P r o c e s s z 

The r e s o n a n c e i n t e g r a l i s def ined a s t h a t c r o s s s e c t i o n which , when 
m u l t i p l i e d by the flux tha t would be p r e s e n t in t he a b s e n c e of r e s o n a n c e s , 
0 , g ives the t r u e r e a c t i o n r a t e . The n o r m a l i z a t i o n u s e d a s s u m e s 0^̂  = 1. 

r ^ m + i r '^ i+i . 
J dx j 2Z-'(u)0(u, x) du 

l-aW T0 = —^ ^ ~ ^S'' T0 T^UI- (56) 
zlRl^ml*"" N j m A m m r m i 

The s y m b o l s p r i n t e d out a r e RA and R F for a b s o r p t i o n and f i s s ion 
r e s o n a n c e i n t e g r a l s . S c a t t e r i n g r e s o n a n c e i n t e g r a l s a r e no t p r i n t e d but can 
be c a l c u l a t e d a s shown. 

G. A c c u m u l a t e d A b s o r p t i o n P r o b a b i l i t y for a B r o a d G r o u p 

y« CO p ^1+ 1 i 
/ dx / 0(u , x ) a 2 ( u , x) du 1 1 1 aRik 

Jo ui ^ j i ^ / „ , 
R A P - ~ ' > \-> I ) 
l^AP - SDD SDD 

w h e r e the s l o w i n g - d o w n d e n s i t y a t t he l e t h a r g y c o r r e s p o n d i n g to the s t a r t 

of the p r o b l e m i s 

SDD = 0 „ Z A ^ Z N j ^ l p ^ 
m j •' P 

(58) 

and 

? = 1 - ^ c . ^"'^ 
^ 1 - a 
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H. Foil Resonance Integral for P roces s z 

Microscopic average foil cross sections are not calculated; hence, 
microscopic resonance integrals for foils can only be obtained if the foil 
consists of just one mater ia l . In that case, 

.ui+i /-"I+I 
j ^Z"(u)0j(u) du 

z(Rl)fl*oo = ~ ^^-^ - z ^ iVn^Ui /N j^ . (60) 

The quantity edited is 2^«\-0JiAUj. The flux incident upon all foils is the 
same Although it is not edited directly, one can obtain it by defining an 
optically thin foil (say T < 10"* mean free paths) for which a^ = Of = 0 
and Og is independent of energy. Then the broad-group-average flux 0inc 
incident upon foils can be extracted from 

RS(F) = Zs0incAUi. (61) 

VII, INPUT PREPARATION 

A. Choice of Group Sizes 

The intermediate-group size no longer has any effect on the slowing 
down source (it did in RABBLE ), but is still involved in calculating r e s o 
nance c ross sections. If the energy at the peak of a resonance lies within 
a given intermediate group, it automaticay,y is included, regard less of the 
magnitude of the cross section. If not within the given intermediate group, 
it IS included only if a^ > TEST (an input variable) at either end of the 
intermediate group. Thus, to save running time, the user should use a 
small intermediate-group size if he specifies TEST > 0, For example, 
0.01 lethargy unit is reasonable. 

The choice of fine-group size Auj = U I G P / N F I ( I ) can be placed on 
a consistent basis by comparison with the Doppler width 

4EokT 
- i - , (62) 

where EQ is the resonance energy, k is Boltzmann's constant (8.6164 x 
10'^ eV/°K), T is the temperature , and A is the mass number of the 
resonant mater ia l A satisfactory rule of thumb is to choose Auj so that 
AUJ £ w/4E, 
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B. Input D e s c r i p t i o n for RABID 

The fol lowing o v e r a l l r e s t r i c t i o n s m u s t be o b s e r v e d : 

Card 

1 

2 

Forma t 

18A4 

1016 

P a r a m e t e r 

R e g i o n s 
M a t e r i a l s 

R e s o n a n t m a t e r i a l s 
C o m p o s i t i o n s 

Resonances 

I n t e r m e d i a t e g r o u p s 

B r o a d g r o u p s 

Variable 

Range 

1 

1 
1 

1 

1 

1 

1 

• < . 

< 
-=; 
< 

< 

• < . 

• < . 

KREG < 30 
KMAT < 20 
KRES £ 20 
KCOMP s 30 
KRES 

^ N R E S ( J ) S : 

J = i 

KGP £ 1000 
KBG £ 25 

Descr ipt ion 

( T I T L E ( I ) , I = I , 1 8 ) P r o b l e m identification 

KREG 

KMAT 

KCOMP 

KRES 

KGP 

KBG 

NOPT 

NTEMP 

NPRINT 

No, of regions ; 1 s KREG == 30, 

No, of m a t e r i a l s ; 1 ss KMAT s 20, 

No, of composi t ions; 1 s KCOMP s 30, 

No, of resonant m a t e r i a l s ; 1 s KRES s 20, 

No, of in te rmedia te groups; 1 ^ KGP 
f= 1000, 

No, of broad groups; 1 == KBG s 25, 

NOPT = 0, homogeneous; 1 « NOPT s 3, 
nornnal, he terogeneous; NOPT - 4, special 
case with resonance in ter ference t e r m 
X(l, x) set to ze ro . If KREG = 1, the resul t 
is homogeneous anyway. 

If a l l composit ions at the same t empera tu re , 
NTEMP = 1; otherwise , NTEMP = III, 
III = KCOMP + KFOIL s 35, 

If NPRINT > 0, edit of in termediate group 
output is omitted. 

If NPRINT < 0, fine-group fluxes and 
in te rmedia te -g roup output a re printed, 
MORE = 0 for the first problem in a batch. 

If the last problem in a batch, MORE > 0 
gives elegant stop. Otherwise, an "end of 
data set" e r r o r will terminate the run, 
MORE < 0 denotes the next problem to be 
a modification problem,* 

*A modification problem is one in which some input variables from the preceding problem need modifica
tion, while the other input variables remain fixed. Any or all input variables may be changed using the 
NAMELIST feature of FORTRAN-IV '' The NAMELIST name is MOD. This convenient input feature results 
in considerable savings in cards and labor needed to run a sequence of closely related problems. A new 
title card(type-l) is assumed to precede the NAMELIST input for a modification problem. 
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^a rd F o r m a t Variable Description 

^ ^^^^ ( N I B ( I ) , NO. of in termedia te ,groups in Ith broad 
group; 1 < NIB(I) < 100, and 2 N I B ( I ) ~ KGP. 

NFI(I),I=1, KBG) No. of fine groups per in termedia te group in 
Ith broad group, chosen such that UIGP/ 
NFI{I) < 10"^ 

4 3EI2.6,4I6 UIGP Lethargy width of in termediate group. 

ENGP(l) Maximum energy of the range covered in 
the calculation (eV). 

TEST A resonance contributes to the c ross sec 
tions for fine groups within an in termedia te 
group if (a) the resonance energy l ies with
in the intermediate group, or (b) the r e s o 
nance c ross section at either the upper or 
lower energy limit of the intermediate group 
exceeds TEST (barns). 

KFOIL No. of foils to edit interface fluxes and 
average c ross sections; 0 ^ KFOIL £ 5. 
Computation t ime is minimized by handling 
a problem with severa l foils in a single run 
as opposed to several runs , each with a 
single foil. 

KBSQ If KBSQ > 0, read type-5 cards for the 
broad-group t r a n s v e r s e bucklings. If 
KBSQ :< 0, omit type-5 cards . 

KS KS > 0 deletes ingroup scat ter ing by 
adjusting group- t ransfer probabi l i t ies . 

KB KB / 0 implies broad-group-dependent 
values of flat-background absorption and 
fission c ross sections a re to be read as 
type*-l 1 ca rds . 

5 5E12.6 ( B S Q ( I ) , I = 1 , K B G ) Broad-group t r a n s v e r s e bucklings. 

6 5E12.6 {TEMP (I),1=1, Tempera ture of Ith composition (°K), if 
n i ) I s KCOMP. Tempera ture of foil I - KCOMP 

otherwise. HI = KCOMP + KFOIL < 35. 

7 5{I2,E10.4) {NINT{I), No. of regions into which Ith composition is 
divided, if I < KCOMP. Not used if 
I > KCOMP. 

RMAX(l), Outer boundary of Ith composition, if 
I < KCOMP. 

1^1, III) Thickness of foil I-KCOMP, if I > KCOMP 
(cm). 

8 A6,I6,4E12.6 ( N U C L I D ( I ) , Identification of Ith ma te r i a l . 

NRES(l), No. of resonances for Ith ma te r i a l ; 

2NRES{I) < 300. If I > KRES, NRES(l) = 0. 

A M U { I ) , Atomic weight of Ith ma te r i a l (AMU). 

S I G P O T ( I ) , Potent ial scat ter ing c ro s s section of Ith 
ma te r i a l (b). 
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Card 

5E12.6 

Variable 

SIGA22(I), 

SIGF22(I), 
1=1,KMAT) 

(DEN(I,J), 
j = i , i n ) 

Description 

2200-m/sec (0.0253 eV) value of l / v 
absorpt ion c ross section for resonant 
m a t e r i a l s . Constant-background absorpt ion 
c r o s s section for resonant m a t e r i a l s (b). 

2 2 0 0 - m / s e c (0,0253-eV) value of l / v 
fission c ro s s section for nonresonant 
m a t e r i a l s . Constant-background fission 
c r o s s section for resonant m a t e r i a l s (b). 

Atom density of ma te r i a l I in composit ion J, if 
I s KCOMP. If I > KCOMP, atom density of 
ma te r i a l I in foil I - KCOMP ( 1 0 " / c m ' ) . 

NOTE: Mater ia ls must be ordered so that information for resonant m a t e r i a l s is read f irst . 
If NRES(I) > 0, read in cards 10 for the resonances of m a t e r i a l I next; if NRES(l) = 
0, read in card 8 for ma te r i a l I + 1 next. 

10 5E12,6 (ER(J), 

GN(J), 

GR(J), 

GF(J) , 

G(J), 

J=1,NRES(I)) 

11 6E12,5 

(SIGA22(I), 

SIGF22(I), 
1=1,KRES) 

Energy of Jth resonance (eV). 

Neutron width of Jth resonance at ER(j) 
(eV), 

Radiation width of Jth resonance (eV). 

F i s s ion width of Jth resonance (eV). 

Stat is t ical spin factor . 

g = - , - . , where J' is the spin of the 

compound nucleus and I' is the spin of the 
ta rge t nucleus. For s -waves , G(j) ^ 0. 
To denote a p-wave, tag a minus sign on 
G(J), 

If KB / 0, KBG sets of type-11 cards a re 
requi red . 

Constant-background absorption c ro s s sec 
tion for resonant m a t e r i a l s , for a given 
broad group. 

Constant-background fission c ro s s section 
for resonant m a t e r i a l s , for a given broad 
group. 

C. E r r o r M e s s a g e s 

Only a few c o n s i s t e n c y c h e c k s on input p a r a m e t e r s a r e p e r f o r m e d . 

A few ca l cu l a t ed q u a n t i t i e s a r e c h e c k e d to s e e if t h e y a r e p h y s i c a l l y r e a 

sonable . If they a r e not , t he p r o b l e m m a y be a b o r t e d , or some c o r r e c t i v e 

act ion t aken . L i s t e d be low a r e t he c h e c k s and d e c i s i o n s m a d e by the code . 

1, R A T E S 

a. K R E G < 0 s e t s l E R R = 1, p r i n t s ***KREG**, and r e t u r n s 

to MAIN, w h e r e the p r o b l e m i s a b o r t e d . Input for the next p r o b l e m is t h e n 

p r o c e s s e d . 
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b. Optical thicknesses TAU are checked. TAU < 0 sets 
lERR = 1, pr ints K, T A U ( K ) , I B G P , and IFGP, followed by *****PROBLEM 
ABORTED, Control re turns to MAIN, which aborts the problem. Input for 
the next problem is then processed, 

c. Collision ra tes are inspected. If CR < 0, the CR vector and 
the P mat r ix are printed followed by the message NEG. COLL. RATE 
ZEROED OUT. Then SOURCE(l), TQ(I), DS(l), TAU(I), and ITRY(I) are 
printed out for 1 s I s KREG. The CK are renormalized so that the 
smallest value is zero and neutron conservation is maintained. A gross 
e r ro r in calculating P is required for this e r ro r , 

2, SOARCE 

a, SOURCE < 0 prints I, SOURCE(l), and energy E, The 
problem continues using 

KMAT 
SOURCE(I) = ^ DS1(J)*PHI(I)*SL(J,LREG(I)) 

= downscatter contribution from previous group, 

3, INPUT 

KCOMP 
a. KREG / Y, N I N T ( K ) prints KREG NOT CONSISTENT 

K = i 
WITH NINT, and problem is aborted. Input for the next problem is read. 

b. L A S T ( K R E S ) > 300 prints > 300 RESONANCES, and 
problem is aborted. Input for the next problem is read. 

KBG 
c. y / KGP prints their values, KGP is rese t to the 

1=1 
smaller value and printed. Problem is aborted if KGP > 1000 or KGP rs 0, 
then input for next problem is read. 

4, MATINV 

DETERM = 0 implies MATINV is trying to invert a singular 
matr ix . It immediately re turns to RATES, which does not check for failure. 

D. Timing Considerations 

The most important factors influencing the computer time (CPU 
time) required are the number of regions, the number of foils, the uni t-cel l 
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optical thickness, and the number of fine groups. The basic quantity the 
user wants to know is calculational speed, in fine groups per minute (since 
total time varies direct ly with the number of fine groups). Table I gives 
an estimate which should be within ± 20% for typical problems having a 
unit-cell optical thickness >0,2 mean free path. The time per fine group 
needed to obtain region collision ra tes and fluxes is 

0.01(2,368 + N [ - 0 , 5 8 2 + N(0,24 - 0.00094N)]} (sec), N a 2. (63) 

The time per fine group needed to obtain interface collision ra tes for a 
foil is 

tf a 0 . 0 1 { 1 . 4 6 3 + N [ - 1 . 0 9 2 + N ( 0 . 4 0 7 - 0.0071N)]} (sec), N > 2. (64) 

In Eqs. 63 and 64, N is the number of regions. Then the total t ime per fine 
group is 

tfotal = *<;. + tf * KFOIL. (65) 

TABLE I. Calculational Speed (all compositions at same temperature) 

No of 
Regions 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

No, of 

No Foils 

43,000 
2,780 
2,180 
1,570 
1,120 

820 
620 
480 
375 
305 

Fine G 

One 

37 
2 
1 

roups 

Foil 

700 
000 
360 
860 
565 
390 
285 
215 
170 
137 

per Minute 

Two 

33 
1 

Foils 

,800 
,560 
990 
595 
380 
260 
185 
140 
110 

89 

No, of 
Regions 

11 
12 
13 
14 
15 
16 
18 
20 
25 
30 

No, of 

No Foils 

250 
215 
180 
155 
135 
119 

94 
76 
49 
34 

Fine Groups 

One Foil 

133 
95 
82 
71 
62 
55 
44 
37 
25 
19 

per Minute 

Two Foils 

73 
62 
53 
46 
40 
36 
29 
24 
17 
13 

Homogeneous problems a re a special case, 
material problem gave 

^total = 0.0014 + 0.00036M(sec), 

For these, a single-

(66) 

Equations 63-66 a re for all compositions at the same tempera ture . 
Times will increase if more than one tempera ture is involved, or for 
greater complexity in t e r m s of numbers of resonances and mater ia l s . 
Conversely, some problems with large N m a y b e quicker because fine 
groups for which the unit cell optical thickness is large (on a resonance 
peak) have essentially uncoupled regions. RABID assumes that regions 
more than nine mean free paths apart a re totally uncoupled. 
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APPENDIX A 

Numerical Methods Used to Obtain Collision Rates 

1. Introduction 

Integral t ransport theory was used in Section II to derive p la te- to-
plate collision probabilit ies in infinite slab geometry as used in the RABID 
code. The "exact" analytic expressions derived involve nnany infinite sums 
of the exponential integral functions^ 

/
GO 

e-zt dt / t" , n a 0. 
1 

A needed related function is 

ajj(z) = j t"e-2t dt, n a 0. 

(A.l) 

(A.2) 

The sum we wish to evaluate numerically for a unit cell of optical thick
ness h is 

Sn(z,h) 
e-zt (jt -̂̂  -^-- = X E„(z + kh), n> 0. 

/, ( l - e - ' ^^ ) t ' ' 
(A.3) 

k=o 

A very fast, accurate method for calculating Sj^(z, h) has been de
rived on the basis of special Gaussian quadrature formulas. That is , let 

M 
exp(-x)f(x) dx/x" = Y ^i,nf(ti,n) + R M ( Z ) (A.4) 

and 

M 
g(x) dx /x" = Y [wi,n exp(ti_jj)]g(ti_n) + R M ( 2 ) ' (A.5) 

where R2y[(z) is the remainder (or e r ro r in the Mth order quadrature), 
f(x) is an a rb i t ra ry function, g(x) = e"''f(x), and w^ ^ and tj „ are quadrature 
weights and nodes, respectively. The quadratures are exact if f(x) is a 
polynonnial of degree less than or equal to 2M - 1. One obtains 

M 
s„(z,h) ^ Y 

^i ,n e^P(ti,n) 
1 - exp(-hti „) 

exp(-zti „). (A.6) 
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In this application, h remains constant for a given fine group. A useful 
method of evaluating exponential integrals also resul ts from Eq. A.5: 

M 

i= i 

The methods used to evaluate the nodes tj ^, weights Wĵ  j ^ , and 
w; _ exp(tj jj) of Eqs. A.4 and A.5 are discussed in Sections 2 and 3 below. 
Tables of resul ts to 16 significant figures for n = 0(1)10 and M = 2(1)10 
have been published. 

2. The Equations To Be Solved 

The construction of the quadrature formulas of order M follows the 
method used by Chandrasekhar . ' Given a weighting function t~^ exp(-t), 
define its i th moment over [l,«'] to be 

a » = /" t^-'^ exp(-t) dt, .« = 0, 1 2M - 1. (A.7) 

We require that 

M 
a-n £ = Y "^i'f' ^ = 0, 1, ..., 2M - 1. (A.8) 

i = i 

Equations A.8 are a nonlinear system of 2M equations in the 2M unknowns 
Wĵ  and tĵ . To solve Eqs . A.8, form the sums 

M 
«n,i+M + Z Ci0^n,i+i' i = 0, 1 M - 1, (A.9) 

1=0 

w h e r e the c ^ ' s a r e u n d e t e r m i n e d c o n s t a n t s . U s e of E q s . A.8 in Eq . A.9 
gives 

M / M - i \ 
I w . t j t f + X H^f). i = 0, 1 , . . . , M - 1 . (A.IO) 

j = i \ i=o I 

The c^ ' s can now be def ined a s the un ique so lu t ion to 

M - i * 

V i + M + Z c ^ a n , i + i = 0 . i = 0, 1 . . . - M - 1 . ( A . U ) 
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Then, from Eq, A.IO, 

_M 
T + Z ^itj = 0 : J = 1, ..., M. 

The nodes tj are the roots of 

M-i 
F(t) = t ^ + X c^t^ = 0. (A.12) 

i=o 

The weights Wj are obtained from any M of Eqs . A.8 upon insertion of the tĵ . 

3. Connputational Methods and Results 

All computations were carr ied out on a CDC-1604 computer with 
25-digit accuracy. The fundamental quantities required accurately a re the 
moments 

/
oo 

exp(-t) d t / t " -

= Ej^_^(l), if n - i > 0, 

= exp(-l) , if n - i = 0, 

= exp(-l) + ( i - n ) a^ ^_^. i f n - i < 0 . (A.13) 

F i r s t Ei( l ) was evaluated to 25S from the ser ies 

- .2 -.-^ 

Ei(x) = -(7+ in x) + X - 2 . 2 ; 3 • 31 

including t e rms up to the 30th power. Then the recursion relation 
Ej^(x) = [exp(-x) - xEjj_i(x)]/(n - 1) was used to generate other Ejj(l). Less 
than one significant figure is lost in Ei(|(l), and this loss is not important, 
because the a^ differ by 7 to 1 7 orders of magnitude at low and high i 
depending on M (as shown in Table II). The magnitude range is less for 
smal ler M. 

Equations A. l l have a symmetric matr ix of coefficients. The 
square-root method'" was used to solve Eqs. A . l l . The roots of Eq. A.12 
were obtained by Newton's method of linear interpolation. Ten refinements 
in each root were performed to ensure accuracy to the linaitations of the 
computer. The first M of Eqs. A.8 were then solved by the Gauss elimina
tion method. 
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TABLE n. The Moments â ^ J = / exp(-t) dt/t"--^ 

n - i 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

-1 

-2 

-3 

-4 

'=̂ n,i 

3.63939940314164016341645E 

4.03334948886947068880430E 

4.5211482061884666491180 IE 

5.13990667382496561572632E 

5.94850407419443846519443E 

7.04542374617203983358024E 

8.60624913245607282523142E 

1.09691967197760136838582E 

1.48495506775922047918360E 

2.19383934395520273677164E 

3.67879441171442321595524E-

7.35758882342884643191047E-

1.83939720585 72 U 6079 7762E 

5.88607105874307714552838E 

2.39121636761437509037090E 

-02 

-02 

-02 

-02 

-02 

-02 

-02 

01 

01 

01 

01 

01 

00 

00 

01 

n - I, 

-5 

-6 

-7 

-8 

-9 

-10 

- U 

-12 

-13 

-14 

-15 

-16 

-17 

-18 

-19 

°-nJ 

1.19928697821890196840141E 

7.19940066372512623362440E 

5.03994834404875980585868E 

4.031995463183124988919lOE 

3.62879959565922420445041E 

3.62879996353866537589273E 

3.99167999668047603062623E 

4.79001599969536564846590E 

6.22702079997185478417712E 

8.7178291199973846419651 IE 

1.30767436799997557573594E 

2.09227898879999770912162E 

3.5568 7428095999978430116E 

6.4023 73705 72 799997962153E 

1.21645100408831999980688E 

02 

02 

03 

04 

05 

06 

07 

08 

09 

10 

12 

13 

14 

15 

17 

The accuracy of the resul ts for M = 4 and 8 for n = 0 was con
firmed by comparison with the work of Rabinowitz and W e i s s . " The nodes 
are identical to all 18S of their tables . The weights also agree to all 18S 
upon scaling their resul ts by a factor of e = 2.718 ... (corresponding to the 
change of variables: t = x - 1 ) . A similar check with Abramowitz and 
Stegun for M = 2 and 10 for n = 0 indicated a difference of at most a 
half-digit in the 12th and last place of their tables. The number of accurate 
significant figures obtained is approximately 20 - 0.4n. For uniformity, the 
tabled values have been rounded to 16 figures. 

4. Optically Thin Unit Cells 

The Gaussian quadratures derived here a re least accurate for 
either z or h small (say, <0.1). Also, the e r r o r increases as z or h 
approaches zero and as M dec reases . A complementary numerical tech
nique has been derived which rapidly becomes more accurate as h de
creases . The Euler-MacLaurin summation formula'^ leads to 

S„(z,h) = E„^^(z)/h + E„(z)/2 + hE„ . . ( z ) / l2 

- h^E„.3(z)/720 + h5E„.5(z)/30.240 

- hX-7{^ ) / l . 209 ,600 + h'En.,(z)/47,900,l60 - .... (A.14) 
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where Ej^_^(z) is replaced by a.|_^(z) if n - .« < 0. The truncation e r ro r of 
the ser ies in Eq. A.14 is less than the absolute value of the first neglected 
t e rm for h sufficiently small . 

Much simpler expressions can be obtained usin.g the recursion 
relation 

E„(z) = [ e - ^ - z E „ . , ( z ) ] / ( n - l ) (A.15) 

and the definition 

Eo(z) = e ' V z . (A.16) 

For example, 

S2(z,h) = |{exp(-z) [ l /h + h /6z -h^( l + z)/360z^] + E2(z)(l - z / h - h / 6 z ) ) 

+ hy5040z* (A. 17) 

| e r ro r | < h^a5(z)/l ,209,600 < hy i0 ,080z ' . 

S3(z,h) « ^ { e x p ( - z ) [ ( 4 - 2 z ) / h + 3 - ( h y 6 0 z ) ( l - [hy(21z ' ) ] • [l + z + zy2j)] 

+ E2(z)(h- 3z + 2zyh)} (A.18) 

| e r ro r | < h''a4(z)/l ,209,600 < hy50,400z^ 

S4(z,h) = ^ | e x p ( - z ) r ^ - ^ + 2 + h'(l -z)/60z^l 

-H E3(z)(zyh + h - 2 z - h y 3 0 z ^ ) j (A.19) 

| e r r o r | < hV(z) /30,240 < hy30,240z^ 

Equations A.17-19 require z a h for accuracy. Equation A.17 in par t icular 
benefits by the restr ict ion z a 2h. For small arguments, E2(z) and E3(z) 
a re quickly obtained from ser ies expansions. 

Another numerical difficulty a r i ses for optically thin plates, such as 
thin foils. The collision rate in the foil involves taking the difference 
Sj^.^j(z,h) - Sjj.^j(z + A, h), where A is very small . In this case, all numerical 
accuracy is eventually lost for A sufficiently small . A Taylor ser ies ex
pansion about z + A/2 yields 

E „ + , ( Z - A / 2 ) - E„.^,(z + A/2) = A [ E „ ( Z ) + A ^ E „ . ^ ( Z ) / 2 4 + A X - 4 ( Z ) / 1 9 2 0 + . . . ] , 

(A.20) 
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where again a^.^(z) is substituted for En_£(z) ii n - £ < O. Equation A.20 
is a rapidly convergent expansion for A < 0.01, which improves in accuracy 
as A-»0. It also leads to easy nunnerical evaluation via the Gaussian quad
rature of Eq. A.6: 

Sn+i(z,h) - Sn+,(z+A,h) 
M 

i=l 

Wi,n ^'^P('i,n) 
1 - exp(-htj ) 

exp[-(z + A/2) t i_J 

(1 + A^t?^jy24-|-A*t*_yi920), A < 0.01. (A.21) 

The given numerical techniques a re all in use in several codes such 
as RABID, and in versions of the per turbat ion-theory heterogeneity-effect 
codes C A L H E T ' * and CALHET-2.'5 
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APPENDIX B 

Coding Description 

RABID consists of the main program and 22 subprograms, about 
half of which are small functions or subroutines that return a single calcu
lated number. This diversi ty of special subprograms is required in order 
to optimize computation speed and numerical accuracy over several ranges 
of arguments . The logical connections between the various par t s of RABID 
are shown in Fig. 2. Calls to subprograms are represented by traveling 
down the connecting links; re turns go in the opposite direction. Most of the 
p rogram uses common blocks of storage to save running time by eliminating 
or minimizing l is ts of formal pa ramete r s . As a result, duplication of var i 
able names is also minimized. It is coded entirely in the FORTRAN IV 
language. '- ' The purpose of each subprogram is described briefly below. 

RESTES SOARCE 

I VZI I I m I I PE3 I I PFUNC I I XTRAP | | XTRAP4 | | MATIW | 

1 . MAIN 

Fig. 2. Subroutine Hierarchy in RABID 

The m a i n p r o g r a m (MAIN) c o n t r o l s the l og i ca l s e q u e n c e of m u c h 
of the c o d e . At the s t a r t of the f i r s t p r o b l e m in a ba tch , s u b r o u t i n e T A B L E 
is c a l l e d . A l s o , the t a b l e s of r e a l and innag inary p a r t s of the c o m p l e x 
p r o b a b i l i t y i n t e g r a l W a r e t r a n s f e r r e d f r o m a da ta se t on the d i s c to t he 
TR and TI a r r a y s in c o r e s t o r a g e . Succeed ing p r o b l e m s in a b a t c h a s s u m e 
all t a b l e s a r e a v a i l a b l e . N u m e r o u s v a r i a b l e s a r e i n i t i a l i zed a f te r s u b 
r o u t i n e s I N P U T , DATA, SYM, and R E S T E S have been ca l l ed and e x e c u t e d . 
The m a i n loop is DO 45 I B G P = 1, KGP (ca rd 78), which r u n s ove r al l 
i n t e r m e d i a t e g r o u p s . Within th i s i s a n o t h e r loop ove r fine g r o u p s : 
DO 22 I F G P = 1, N ( c a r d 103). S u b r o u t i n e s SOARCE, XSECT, and R A T E S 
a r e cyc led t h r o u g h in the i nne r loop . A l so within th i s loop , r e a c t i o n r a t e s 
i n t e g r a l f l uxes , and s c a t t e r i n g r a t e s a r e a c c u m u l a t e d and s t o r e d . Sub
r o u t i n e O U T P U T is ca l l ed f r o m i n s i d e the ou te r loop . 
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2. TABLE 

The exponential integrals Ev(Z) and 'E^{Z) are obtained from two 
polynomial and rational approximations (Ref. 12, 5.1.53 and 5.1.56, p. 231). 
Values are tabulated for Z as follows: 0(0.01)2(0.02)4(0.08)6.4. For 1 £ 
I £ 33L, TAB(I) is E3 while TAB(I + 331) is E4. Functions E3 and E4 use 
these tables. 

3. INPUT 

All required card input is read, DATA is called, and problem 
specifications are printed. SYM is called, followed by a consistency check 
on KGP and NIB(I). 

4. DATA 

Space allocations for scattering ra tes a re determined, ingroup-
scatter and downscatter probabili t ies a re calculated^ and constants related 
to cross sections and geometry a re evaluated. 

5. SYM 

The unit cell is scanned for region symmet r ies . Symmetr ic-
region number pai rs a re stored in a r r ay ISYM to be used by RATES to 
ensure symmetry in collision r a t e s . Slight round-off and numerical e r r o r s 
tend to accumulate if not kept in check. ISYM is printed, unless there are 
no symmetric regions. 

6. RESTES 

The name is a s ix-charac ter truncation of RESTEST from 
RABBLE. This subprogram determines which resonances are to be in
cluded when calculating cross sections for the fine groups in any inter
mediate group. The resonance contributes if 

a. The resonance energy lies within the intermediate group, or 

b. The resonance cross sections at either the upper or lower 
energy l imit of the intermediate group exceeds the input 
parameter TEST. 

7. QUICK W 

ReW(5x/2,5/2) and ImW(?x/2, | / 2 ) are obtained by six-point 
interpolation within two 62 x 62 tables (TR and TI) or from rational approxi
mations if the arguments of W are outside the tables. 
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8. SOARCE 

The source for the first fine group in a problem is obtained 
under the assumption that </i(u) = (p^ for u less than the lethargy at the s tar t 
of the problem. The source in Region I is 

SI{I) = A i ^ N j j a J , . fB.l) 
J 

The source is calculated from Eq. 30, which is equivalent to Eq. 12 for all 
other fine groups. Numerical round-off is controlled by keeping all incre
ments to the source in a separate a r ray called DS. Hence the total source 
in Region I is SI(I) -H DS(I). 

9. XSECT 

Section V gives the equations for s- and p-v/ave resonance cross 
sections and ?(5, x) and X(|, x), which are evaluated using ReW(|x/2 , | / 2 ) 
and ImW(|x/2 (^/Z) from QUICKW. Macroscopic cross sections a re obtained 
for each mater ia l in each composition, for each fine group. 

10. RATES 

The pr imary purpose of RATES is to produce the collision-
rate vector CR by solving Eq. 22. It also produces an interface collision-
rate vector for each foil. Many auxiliary calculations are required before 
the collision probability matr ix F^ is evaluated. For example, the non-
leakage probability is found from Eqs. 29-^2. Optical thicknesses T̂  a re 
obtained for regions and the unit cell, h. Four th-order quadrature weights 
a re found from Eq. A.6, for S3(z,h) and S4(z h). 

The spatially flat slowing-down source is l inearized in compo
sitions having more than one region. If the linear component exceeds 1% of 
the flat source strength, it is retained. Otherwise, it is dropped. A further 
test requires the linear component of the current leaving a source region to 
exceed 1% of the flat-component current in order to be retained. These 
measures save computer time on negligible effects. 

Uncollided neutron currents from flat source components are 
followed from left to right across the unit cell. Given a flat source strength 
of PNL in region i. the collision rate in region j is found from Eqs. 17-20. 
Reciprocity is used to find the collision rate in region i from a flat source 
in region j . Collision rates due to linear source components a re calculated 
by following currents in both directions across the unit cell. The collision 
rate in the " l a s f region (i-I-KREG- 1) is found from neutron conservation. 
Hence KREGfKREG - 1) collision probabilit ies need be obtained to account 
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for flat source components, with twice this number to account for l inear 
source components, because reciproci ty does not apply. 

After CR and 0 a re obtained, the ingroup scattering contribu
tion to the source, 2 s P s 0 , is obtained. Numerical round-off is controlled . 
by dropping the total increment to the source from group k - 1 to k if its 
magnitude is less than 0.5 x 10" t imes SQ. 

11. OUTPUT 

Intermediate- and broad-group average fluxes and cross sec
tions defined in Section VI a re printed if requested. 

12. E2 

The following ser ies expansion is evaluated: 

2 3 4 

E2(x) == 1 - x ( l - 7 - . « n x ) - y - ^ + y ^ - 3 — ^ , 0 £ x 5 ; 0 . 6 . (B.2) 

13. E2 

Linear interpolation within tables of E3(z) stored by TABLE is 
used to obtain E3(x), for 0 £ x £ 6.4, with e r r o r <0.01%. For x > 6.4, the 
following asymptotic approximation is used: 

E3(x) = e-x•[l + l [ l + (3-2x)/D]}/(x-^3), (B.3) 

where 

D = (x-^3)^ 

The e r ror is l/30% or l e s s . 

14. £ 4 

Linear interpolation within tables of E4(z) stored by TABLE is 
used to obtain E4(x), for 0 £ x £ 6.4, with e r r o r <0.01%. For x > 6.4, the 
following asymptotic approximation is used: 

E4(x) = e - ' ^ l l t J [ l + (4-2x)/D]}/(x-^4), (B.4) 

where 

D = {K + 4f. 

The error is l/30% or less. 
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15. PE3 

For X < 0.6, E3(x) is evaluated from the expansion 

^ ( 1 . 5 - 7 - i n x ) + - - ^ - ^ + ^ - ^ . ^ - ^ , E:<(x) = i - x + ^ ( 1 . 5 - 7 - i n x ) + ^ - ^ i i - + ^ i ^ - T ^ • (B.5) 

The e r ro r is £ l .1 x 10"' . For x 2 0.6, E3 is called. 

16. PFUNC 

The probability of escape without a collision from a slab of 
optical thickness x is (for a flat or linear source) 

P = [0 .5-E3(x)yx. (B.6) 

If X 2 0.6, E3(x) is obtained from E3, otherwise, the following double-
precision ser ies expansion is used: 

0.5 - E3{x) = +x - i - ( 1 . 5 - 7 - i n x) - | y -H j ^ _ - j ^ + - ^ ^ - ^ ^ • 

(B.7) 

The e r r o r is S7 x 10"°. High accuracy is needed to give good resul ts for 
very thin slabs. 

17. XTRAP 

« 
M 

S3(z,h) = ^ wj^e"^ ''^ -h C(z,h). (B.8) 

1=1 

C(z,h) = (0.004126 + 0.00628e""-*'^) e '"-^^, z < 0.3, 

= 0, z 2 0.3. (B.9) 

The M index lies between 1 and 4,. depending on z. 

18. XTRAP4 

M 
S4(z,h) = Y ""i.y '" (B-i°) 

1=1 

The M index lies between 1 and 4, depending on z. 
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19. YZ3 

N u m e r o u s op t ions a r e e x e r c i s e d to m a x i m i z e both speed and 
a c c u r a c y in e v a l u a t i n g a d i f f e r e n c e of the inf ini te s u m s of exponen t i a l 
i n t e g r a l s . 

a. A > 0.01 (A = z - y) 

(1) h < 0.2 

S3(y,h) - S3(z,h) = E Z 3 ( y , h ) - E Z 3 ( z , h ) . ( B . U ) 

(2) h > 0.2 

M , 

S3(y.h) - S3(z.h) - Y Wi_3(e-y*i .^-e-^ '*i .3J+ c ( y . h ) - C ( z , h ) . (B.12) 

i=i 

See X T R A P for C and M. 

b . A < 0.01 

(1) A < 0.0001 

F r o m Eq . A.20 , 

S3(y,h) - S3(z,h) = AS2(y + A / 2 , h ) . (B.13) 

The f i r s t few t e r m s of S2(y + A / 2 , h ) a r e found " e x a c t l y " 

us ing E2(z) for z < 0 .6 . 

F o r z 2 0 .6 , f r o m E q . A . 2 1 , 

4 

S3(y, h) - S3(z,h) = A ^ w . _ J l + u ( l + 0 . 0 1 2 5 u ) ] e'^^^i'^^ (B.14) 
i= i 

w h e r e u = A^tj 2 / 2 4 , and q = y -I- A / 2 . 

(2) 0.0001 < A £ 0.01 

F u n c t i o n P F U N C is u s e d to get a c c u r a t e d i f f e r e n c e s 
in E3(y) - E3(y+ A) a s fo l lows: 

P F U N C ( x ) = (0.5 - E3(x) ) /x . (B.15) 
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.". E^(x) - E3(x+ A) = (x+ A) P F U N C ( x + A) - x P F U N C ( x ) 

= x ( P F U N C ( x + A ) - P F U N C ( x ) ) + A P F U N C ( x ) , (B.16) 

In t h i s way, i exac t t e r m s a r e found for 

0 £ , < ( ^ ± 1 Z ^ ) 
^ ' t r u n c a t e d 

i n t e g e r 

T h e n the r e m a i n d e r of S3(y. h) - S3(z, h) i s found f r o m Eq . B.14 . 

20, YZ4 

T h i s r o u t i n e i s m u c h l ike Y Z 3 , but i s i n h e r e n t l y m o r e a c c u r a t e 
b e c a u s e S4(z, h) i s e a s i e r to s u m than S3(z, h) . L e s s n u m e r i c a l effort i s 
jus t i f i ed s i n c e YZ4 is only involved in r e l a t i v e l y s m a l l ef fects f r o m l i n e a r 
s o u r c e c o m p o n e n t s . The opt ions a r e ; 

a. A > 0.01 (A = z - y) 

(1) h £ 0.3 

S4(y,h) - S4(z,h) ~ EZ4(y , h) - E Z 4 ( z , h ) . (B.17) 

(2) h > 0 . 3 

M • t T 

S,(y,h) - S4(z,h) = Y ^iA^' ''-'=' '•'[ fB-18,' 

i=i 

1 £ M £ 4, d e p e n d i n g on y. 

b . A < 0.01 

S4(y,h) - S4(z ,h) = ^<Y Wi , [ l + u ( l + 0.0125u)] e'^^^i.^ + C(q, h ) k (B.19) 

w h e r e u = A^^ , / 2 4 and q = y + A / 2 . See X T R A P for C(q, h). 

2 1 . E Z 3 

E q u a t i o n A. 18 g ives 

S j ( z , h ) = E , (z ) + E5(z + h) + S 3 ( z + 2 h , h ) . 

In o t h e r w o r d s , two exac t t e r m s a r e c a l c u l a t e d be fo re s u m m i n g the s e r i e s 
to inf ini ty . 
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22. EZ4 

Equation A. 19 gives 

S4(z,h) K E4(z) + S4(z + h ,h ) . 

In other words, a single exact terna is calculated before summing the se r ies 
to infinity. 

23. MATINV 

This is a standard ANL System/360 Libra ry Subroutine,^ which 
performs matr ix inversions. Numerical accuracy is maximized by pivoting 
on the largest element during reduction to a tr iangular system. 
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APPENDIX C 

Listing of RABID 

//APORAEBR JOB (RtP26010,<.5,X00011),APO,CLASS=A,PRTY = 8 
// EXEC FTNHCLX,XREG=42OK,CAR0S=BCD,OPT=2,TIME=* 
//C.SYSIN CD • 
C PROGRAM RABID 

CUMM0N/E/NUCLIDI20),UFGP,V(25),EXDU,UMAX(20,25),P1(20,25 I, 
X PS(20,25),S0URCE(30),SDD,ACS,FCS,SCS,PHITOT,PHIT,ACSGP,FCSGP,RAB 
X SCSGP,RAP,SIGABG(20,30),SIGFBG(20,30),SIGSBG(20,30),DS1(20), 
X DSMAX(2O),ALP(2O,2 5),SCL(2O,3O),DSL(20),0PS(20),BSQ(25) 
COMMGN/OW/REZ,AIMZ,REH,AIMW, TRt62,62),TM62,62) 
COMMON/A/ FlV,SLt20,30), TEST, SIGP(20,30),XZETA(20,30), 

XSA(20,30),SF(20,30),SS(20,30),OEN(20,30),G<300),GN(300),GF(300), 
X GR(300),ER(300),XRES(300),SIGZt300),GAMMA(300),SIGINt300), 
X SIGMINI300), SIG(30), 
X SIGA22(20),SIGF22(20), XN,XC,ET0T,T0T3,W0RK(60),Pt30) 
COHHON/8/ UIGP, CR(30),RADI35),RAB 

X RATIO(30),OIFXt30), SPP(30),SPN(30), 
X AREA(35), FLUX(30,100),FLUXCP(30,100),SCAT(40000), 
XTAB(662),T0T,TT(60,5), AF(30,5),FF(30,5), 
X V11,V12,V13,SSF(30,5),USTR(25),OUSTR(25) 
COMMON/C/ 

X XAREAT,AREAT,RMAX(30), 
X ENGP(10Ol),RIAC(20,30),RIFC<2O,30),RISC(2O,3O),TEMP(3O), 
X XTEMP(30), PHICT(30),PHI(30),PFLUX(30),RAB 
XSIGTRI30),BARMU(30), AMU(20),SIGPOT(20),AREAC(30),XAREACI 3 0 ) , 
XGX2( 10) ,GW2I 10) ,IN W 2 ( 1 0 ) , 
X DR(30),XAREA(30),PHIRTt30), GX3( 10 ) .GX^i ( 10 ) , GW3 ( 10 ) , 
X GM't(10),WW3(10),WM4(10),Vl,V2,V3,V4,V5,V6,V7,V8,V9,V10 
COMMON/D/KI,KRES,NTEMP,INCLUDI300), 

X NEXT(20),LAST(20),NRES(20),INDEX, KS, 
X NU,NOPT,ISYM(30),111,KFOIL,KREG,KMAT,KCOMP,KGP,KBG,NPRINT,MORE, 
X IBGP,IFGP,I8G,J8G,NIB(25),N!NT(30),MINT(30),LREG(35),NX(30), 
X NF1(25),TITLE(18),K8 ,MULT(20,25),JNU(20),JMULT(20), 
X INUI (20,25),INUF(20,2 5),N0X,NIS0,KB,SQ 
REAL»8 NUCLIO 
DIMENSION DS(30),S0R(30),SI(30) 
DIMENSION L0C(20,30) 
REAL«8 TIME,OS,SOR,SI 
REAL*8 UFGP,V,EXDU,UMAX,DS1,DSMAX,SOURCE,SDD,ACS,FCS,SCS,PHI TOT, 

X PHIT,ACSGP,FCSGP,SCSGP,RAP,SIGABG,SIGFBG.SIGSBG,P1,PS,ALP,DSL 
REAL*8 OPS 
CALL TABLE 
READ(8) ((TR(I.J),I=1,62), J=l,62) 
READ(8) ((TI(I,J),I=1,62), J=l,62) 
MORE=0 

1 CALL TIMSET 
IERR=0 
CALL INPUT 
IBG^l 
JBG=1 
NXN=NISO*NOX 
DO 11 1=1,NISO 

11 SCAT(I)=0. 
J 1=0 
00 12 1=1,KREG 

C FLAT FLUX FOR FIRST NON-LEAKAGE CALCULATION 
PHK I) = l. 
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M = L R E G ( I ) 
UO 12 J=1,KMAT 
I F ( D E N ( J , M ) ) 1 3 , 1 2 , 1 3 

13 J I = J I + 1 
L 0 C ( J , I ) = J 1 

12 CONTINUE 
ACS=0 .0D0 
F C S = 0 . 0 0 0 
SCS=O.ODO 
PHITOT=0 .OD0 
DU 2 1=1,KREG 

2 P H I R T d ) = 0 . 
DO 5 1=1,KCOMP 
P H I C T d ) = 0 . 
DO 5 J=1,KMAT 
R I A C ( J . I ) = 0 . 0 
R I F C ( J , I ) = 0 . 0 

5 R I S C I J , I ) = 0 . 
DO 6 1=1,KREG 
DO 6 K = l , K F O I L 
A F ( I , K ) = 0 . 
S S F ( I , K ) = 0 . 

6 F F ( I , K ) = 0 . 
UD 45 IBGP=1,KGP 
I F ( J B G - 1 ) 8 , 8 , 9 

8 DO 7 J=1,KMAT 
U S U J ) = P 1 ( J , I B G ) + P S ( J , 1 B G ) * ( V ( I B G ) - 1 . 0 D 0 ) 
D S M A X ( J ) = A L P ( J , I B G ) * 0 S 1 ( J ) 
U P S ( J ) = P S ( J , I B G ) 
0 S L ( J ) = A L P ( J . I B G ) * D P S ( J ) 

7 CONTINUE 
IFIKB.EQ.O ) GO TO 9 
IF(IBG.E«. 1) GO TO 9 
RE AD(5,110) (SIGA22(I),SIGF22(I),1 = 1,KRES) 

110 F0RMAT(6E12.5) 
WRITE (6, H I ) ( I,SIGA22(I ) . S IGF22 I I), 1 = 1 ,KRES) 

111 FORMAT(///> REVISION OF BACKGROUND CROSS SECTIONS FOR NEXT BROAD GRAB 
X R O U P V MATERIAL* ,3X,'SIGA22(I)',6X,'SIGF22(I)'/(I6,4X,2E12.5)) 

9 CALL RESTES 
ACSGP=O.0D0 
FCSGP=0.0D0 
SCSGP=O.ODO 
PHIT=O.ODO 
MU=( IBGP-1)/100 
NU=IBGP-100*MU 
DO 10 J=l,KCOMP 
FLUXCP(J,NU)=0. 
00 10 K=1,KMAT 
SIGABG (K,J)=O.D0 
S1GFBG(K,J)=O.ODO 

10 SIGSBG (K,J)=O.DO 
DO 15 J=1,KREG 

15 FLUX(J,NU)=0. 
N=NFI(IBG) 
00 22 IFGP=1,N 
CALL SOARCE(IERR,DS,SOR,SI ) • 
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IF(IERR)16,16,1 

lERR GRTR 0 ABORTS PROBLEM 
16 CALL RATES(IERR,DS,SOR,SI) 

J 1=0 

IF(1ERR)17,17,1 
17 DU 20 1=1,KREG 

201 M=LREG(() 

PHI ( I )=CR(I )/SIG(M) 
FLUX(I,NU)=FLUX(I,NU)+PHI(I) 
OU 24 J=1,KMAT 
IF(DEN(J,M))29,24,29 

29 JI=JI+1 

SCAT ( JH-JNU( J) ) = SCAT( JI+JNU( J) )-i-PHI( I)*SS(J,M) 
SL(J,M)=SS(J.M) 
SIGABG (J,M)=SIGABG (J,M)+PHI(I)*SA(J,M) 
SIGFBG (J,M)=SIGhBG (J,M )+PHI(I)*SF(J,M) 
SIGSBG (J,M)=S1GSBG (J,M ) + PHI{I)*SS(J,M) 

24 CONTINUE 
IF(KFUIL)20,20,27 

27 UU 26 K=l,KFOIL 
00 26 J=1,KMAT 
A K I , K ) = A F ( I , K ) t i r ( I ,K)*SA( J,KCOMP + K) 
SSF(I,K)=SSF(1,K)+TT(I,K)*SS(J,KCOMPtK) 

26 FF(I,K)=FF(I,K)+TT( 1 ,K)*SF(J,KCOMP + K) 

20 CONTINUE 
00 30 J=1,KMAT 
JMULT(J)=JMULT(J)+l 
IF( J M U L K J)-MULT(J, IBG) 130,31,31 

31 JMULT(J)=0 
DK=1.O/MULTIJ,IBG) 
JJJ=JNU(J) 
JNU(J)=JNU(J)+NISO 
IF(JNU(J)-NXN)34,34,33 

33 JNU(J)=0 
34 DU 32 1=1,KREG , 

IF( DEN(J,LREG(I) ) )35,32,35 
35 SCAT(LOCI J,I )+J J J)=SCAT(LOC(J,I)+JJJ)»DK 

SCAT(LOC(J,I)*JNU(J))=0. 

32 CONIINUfc 
30 CONTINUE 

IF(NPRINT)2l,22,22 
21 WRITE(6,101)(PHI(I),I=1,KREG) 

NPRINT LESS ZERU GIVES FINE GROUP FLUX OUTPUT 
101 F O R M A T d H ,7HPH1 ( I ) = , (8E14.7) ) 

22 CONTINUE 
DO 25 1=1,KREG 
M=LREG(I) 
PHIRT(I)=PHIRT(I)+FLUX(I,NU) 
FLUXCP(M,NU)=FLUXCP(M,NU)+FLUX(I,NU) 

25 PHICT(M)=PHICT(M)+FLUX(I,NU) 
DO 40 1=1,KCOMP 
PHir=PHITtFLUXCP(I,NU) 

DO 40 J=l,KMAT 
KIAC(J,I)=RIAC(J,II^SIGABG (J,I) 
RIFC(J,I)=RIFC(J,I)+SIGFBG (J,I) 
RISC(J,I)=RISC(J,I)+SIGSBG (J,I) 
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ACSGP=ACSGP+SIGABG (J,I) 
FCSGP=FCSGP+SIGFBG (J,I) 

40 SCSGP=SCSGP+SIGSBG (J,I) 
PHITOT=PHITOT+PHIT 
ACS=ACS+ACSGP 
FCS=FCS+FCSGP 
SCS=SCS+SCSGP 
IF(JBG-NIB(IBG)144,60,60 

60 DO 62 J=1,KMAT 
IF(JMULT(J))62,62,69 

69 JJJ=JNU(J)+NISO 
IF(JJJ-NXN)70,70,71 

71 JJJ=0 
70 DO 63 1=1,KREG 

IF(DEN(J,LREG(I) ) )72,63,72 
72 NXX=LUC(J,I)+JNU(J) 

SCAT(NXX) = SCAT(NXX)/JMULT( J) 
SCAT(LOC(J,I)+JJJ)=0. 

63 CONTINUE 
JNU(J)=JJJ 

62 CONTINUE 
44 CALL OUTPUT 
45 CONTINUE 

CALL TIMEL(TIME) 
WRITE(6,100) TIME 

100 F0RMAT(1H0,6H TIME=,F10.3,5H SEC.) 
GO TO 1 
END 
SOBROOTINE INPUT 
C0MMUN/E/NUCLID(20),UFGP,V(25),EXDU,UMAX(20,25),P1(20,25), 
X PS(2O,2 5),S0URCE(30),SDD,ACS,FCS,SCS,PHITOT,PHIT,ACSGP,FCS&P,INP 
X SCSGP,RAP,SIGA8G(20,30),SIGFBG(20,30),SIGSBG(20,30),DS1(20), 
X DSHAX(20),ALP(20,25),SCL(20,30),0SL(20),DPS(20),BSQ(25) 
CONMON/QW/REZ,AIMZ,REW,AIMW, TR(62,62),TI(62,62) 
COMMON/A/ F1V,SL(20,30), TEST, SIGP(20,30),XZETA(20,30), 
XSA(20,3O),SF(20,30),SS(20,30),DEN(20,3O),G(300),GN(300).GF(300), 
X GR(300),ER(300),XRES(300),SIGZ(300),GAMMA(300),SIGIN ( 300), 
X SIGMIN(300), SIG(30), 
X SIGA22(20),SIGF22(20), XN, XCETOT, T0T3, WORK ( 60) , P( 30) 
COMMON/B/ UIGP, CR(30),RAD(35),INP 
X RAT10(30),DIFX(30), SPP(30),SPN(30), 
X AREA(35), FLUX(30,100),FLUXCP(30,100),SCAT(40000), 
XTAB(662),ror,TT(60,5), AF(30,5),FF(30,5), 
X VU,VI2,V13,SSF(30,5),USTR(25),DUSTR(25) 
COMMON/C/ 

X XAREAT,AREAT,RMAX(30), 
X ENGP(I001),RIAC(20,30),RIFC(20,30),RISC(20,30),TEMP(30), 
X XTEMP(30), PHICT(30),PHI(30),PFLUX(30),INP 
XSIGTR(30),BARMU(30), AMU(20),SIGPOT(20),AREAC(30),XAREAC(30), 
XGX2(10),GW2(10),WW2(10), 
X DR(30),XAREA(30),PHIRT(30), GX3(10),GX4(10),GW3(10), 
X GW4(10),WW3(10),WW4(IO),V1,V2,V3,V4,V5,V6,V7,V8,V9,V10 
COMMON/D/KI,KRES,NTEMP,INCLU0(300), 
X NEXT(20),LAST(20),NRES(20),INDEX, KS, 
X NU,NOPT,ISYM(30),I 11,KFOIL,KREG,KMAT,KCOMP,KGP,KBG,NPRINT,MORE, 
X IBGP,IFGP,IBG,JBG,NIB(25),NINT(30),MINT(30),LREG(35),NX(30), 
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X NFI(25),TITLE(18),KB ,MULT(20,25),JNU(20),JMULT(20), INP 29 
X INUI(20,25),INUF(20,25),N0X,N1S0,KBSQ "^P 30 
REAL*8 UFGP,V,EXDU,UMAX,DSl.USMAX,SOURCE,SDD,ACS.FCS,SCS,PHITOT, INP 31 

X PHIT,ACSGP,FCSGP,SCSGP,RAP,SIGABG,SIGFBG,SIGSBG,PI,PS,ALP,DSL INP 32 REAL»8 DPS 
REAL*8 NUCLID 

INP 33 
INP 34 

NAMELIST/MOD/TITLE,KREG,KMAI,KCCMP,KRES,KGP,KBG,N0PT,NTEMP,NPRINT,INP 35 
X MORE,NIB,NFI,UIGP,ENGP,TEST,KFOIL,KBSQ,KS,BSQ,TEMP,NINT,RMAX,. INP 36 
X NUCLID,NRES,AMU,SIGPOT,SIGA22,SIGF22,DEN,ER,GN,GR,GF,G,KB INP 37 
IF(MORE)80,1,90 "^^ \^ 

1 READ (5,101) (TITLEII),I=1,18) "^P ^^ 
101 FORMAT (18A4) "̂ •' "*" 

READ (5,102) KREG,KMAT,KCOMP,KRES,KGP,KBG,NOPT,NTEMP,NPRINT,MORE INP 41 
102 FURMAT(12I6) INP 42 

READ (5,102) (N1B(1),NFI (I),1=1,KBG) 'NP ''^ 
READ (5,107) UIGP,ENGP(l),TEST,KFOIL,KBS(3,KS,KB INP 44 

107 FURMAT(3E12.6,4I6) \^^ ''I 
III=KFOIL+KC0MP INP 46 
IF(KBS0)71,71,70 ['^^ ''I 

70 REA0(5,106) (BSO(1),I=1.KBG) '^P 48 
GO TO 72 "^P '•̂  

71 DO 73 1 = 1,KBG \<^^ 1° 
n BSQ( i)=o. \2 I, 
72 READ (5,103) (TEMP(I),1=1,I I I) '^l tt 
103 FURMAT(5E12.6) {"„ If 

READ (5,104) (NINT(I),RMAX(I),I = l , n i ) INP 54 
104 F0RMAT(5(I2,E10.4) ) JJJj^ " 

DU 10 1=1,KMAT 'NP 56 
READ (5,105)NUCLI0( 1 ) ,NRES(I),AMU(I),SIGPOT(I),SIGA22(I),SIGF22 ( I)INP 57 

105 F0RMAT(A6,I6,4E12.6) j|̂ P ^ 
REAU (5,106) (0EN(I,J),J=1,III) j^P ^^ 

106 F0RMAT(5E12.6) 11̂ 1; °° 
IFINRES(I))10,10,5 JNP °\ 

5 IF(I-1)6.6,7 ^ P 62 
6 NEXT(l)=l » }^P l^ 

LAST(1)=NRES(1) 1̂ ,̂  °Z 
GO TO 8 \^l II 

7 NEXT(I)=LAST(I-1)+1 J^P °° 
LASI(I)=LAST(I-l)tNRES(I) |^P °^ 

8N=NEXT(I) ^^ ^8 
L-LASTd) ^^ ^^ 
00 9 J=N,L '"; '" 

9 READ (5,106) ER(J),GN(J),GR(J),GF(J),G(J) NP 71 
10 CONIINOE {^^ ]l 

1000 ^*^^g'^*^^2Qj, (TiTLEd),1 = 1,18),KREG,KMAT,KCOMP,KRES,KBG,UIGP, INP 74 

X KGP,TEST,NOPT,KFOIL JJjP ^5 
^°\''°'"'*^""^2x'i'l8A4///10X,18HN0. CELL REGIONS =, I 3,29X, 15HN0. MATERIINP 77 

XALS =,I3/10X,18HNU. COMPOSITIONS =,13,29X,24HN0. RESONANT MATERIALINP 78 
XS =,I2/10X,18HN0. BROAD GROOPS =,I 3,29X,29HLETHARGY WIDTH INTER. GINP 79 
XROOP =,E12.6/10X,25HN0. INTERMEDIATE GROUPS =,14,21X,16HRES0NANCE INP 80 
XTES) =,E10.3.8H (BARNS),6H NOPT=,I2,7H KF0IL=,I2,/) INP 81 
IF(KS)12,12.11 \>^l 82 

220 FORMATI//,' SCATTERING TRANSFER PROBABILITIES ADJUSTED TO REMOVE IINP 84 
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XN-GROUP SCATTERING') INP 85 
12 1F(V11)13,30,13 INP 86 
13 WRITE(6,225) INP 87 

225 FORMAd/,' RESONANT MATERIALS HAVE BROAD-GROUP-OEPENDENT ABSORPTIOINP 88 
XN AND FISSION CROSS SECTIONS') INP 89 

30 WRITE (6,205) INP 90 
205 F0RMAT(///2X,46HREGI0N/C0MP0SITION/0UTER DIMENSION/TEMPERATURE/) INP 91 

DO 35 1=1,KREG INP 92 
NXd)=I INP 93 

35 XTEMPd )=TEMP(LREG( I ) ) INP 94 
WRITE (6,206) (NXd ),1 = 1,KREG) INP 95 
WRITE (6,206) (LREGd),1=1,KREG) INP 96 
WRITE (6,207) (RADd),1 = 1,KREG) INP 97 
WRITE (6,208) (XTEMPd) .1 = 1,KREG) INP 98 

206 FORMAd 1518) INP 99 
207 FURMAK 15F8.5) INP 100 
208 F0RMATd5F8.2) INP 101 

IF(KF0IL)39,39,36 INP 102 
36 WRITE(6,230) (I,LREG(KREG+I),RMAX(KCOMP+I), INP 103 

1 TEMP(KC0MP+I),I=1,KF0IL)INP 104 
230 FURMAT(///5H FOIL,2X,1IHCOMPOSITION,7X,9HTHICKNESS,4X,1IHTEMPERATUINP 105 

XRE/(I5,7X,I6.6X.E12.5,F10.3)) INP 106 
39 WRITE (6,209) INP 107 

209 FURMAT(///2X,14HMATERIAL RES.,8X,40HMASS SIG POT SIG A 1/V INP 108 
X SIG F 1/V) INP 109 
DO 40 1=1,KMAT INP 110 

40 WRITE (6,210) NUCLIDd),NRES(I),AMU(I),SIGPOT(I),S IGA22(I ) , INP 111 
X S1GF22(I) INP 112 

210 FORMATdH , A6, I 7 ,6X ,4E 12 . 5 ) INP 113 
DO 400 1=1,KMAT INP 114 

400 WRITE (6,401) I ,(DEN(I,J ) ,J=1,I I I ) INP 115 
401 FURMAT(1H0,7HIS0T0PE, 15,/, dOE 12.5) ) INP 116 

WRITE (6,211) INP 117 
211 F0RMAT(///1H ,11HBR0AD GROUP,4X,17HN0. INTER. GROUPS,4X,20HN0. FININP 118 

XE GP/INTER GP.4X,19HMAXIMUM ENERGY (EV),4X,19HMIN I MUM ENERGY (EV),INP 119 
X 4X,8HBUCKLING) INP 120 
N=l INP 121 
M=NtNIBd) INP 122 
DO 45 1=1,KBG INP 123 
WRITE (6,212) I,NIB(I),NFI (I),ENGP(N),ENGP(M),BSQ(I) INP 124 
N=M INP 125 

45 M=N + NIBd + l) INP 126 
212 F0RMAT(6X,I5,2(1?X,I5).3( 7X,E15.4)) INP 127 

WRirE(6,240) (1,1=1,KBG) INP 128 
240 F0RMATdHl,82H NOMBER OF FINE GROUPS USED TO LETHARGY-AVERAGE SCATINP 129 

XTERING RATES FUR EACH MATER IAL///17H BROAD GROUP NO. = ,2514) INP 130 
DO 46 J=l,KMAT INP 131 
WRITE(6,241) NUCLIDIJ),(MULT(J,I),I=1,KBG) INP 132 

241 FURMAT(lH0,bX,A6,5X,25I4) INP 133 
46 CON!INOE INP 134 

PRINT 213 INP 135 
213 F0RMAT(1H1/50X,20HRES0NANCE PARAMETERS//12X,8HMATERIAL,lOX,lOHENERINP 136 

XGY(EV),8X,12HGAMMA N (EV),4X,16HGAMMA GAMMA (EV),8X,12HGAMMA F (EVINP 137 
X),16X,1HG) INP 138 
DO 50 1=1,KRES INP 139 
N=NEXT(I) • INP 140 
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L = LAST(I) IMP 1̂ ,1 
50 WRITE (6,214) (NOCLIDd),ER(J),GN(J),GR(J),GF(J),G(J),J=N,L) INP 142 

214 F0RMAT(14X,A6,5E20.b) INP 143 
CALL SYMdSYM,DEN.AREA,KMAT,KREG,LREG) INP 144 
ISUM=0 Iigp 1̂ ,5 
DO 55 1=1,KBG INP 146 

55 ISUM = ISUM+NIB(I ) IMP 147 
IF(ISUM-KGP)56,57,56 INP 148 

56 WRI(E(6,215) KGP.ISUM INP 149 
ISUM=MINO(KGP.ISUM) INP 150 

215 F0RMAT(//9H *»**KGP=,14,9H RESET TO,14) INP 151 
KGP=ISOM IMP 152 

57 IF(KGP-1000)59,59.58 INP 153 
58 WRlrE(6.216) INP 154 

216 F0RMAT(//2IH *»«*KGP EXCEEDS 1000) INP 155 
GO TO 1 INP 156 

59 IF(KGP)1,1,60 INP 157 
60 RETORN INP 158 

MODIFICATION PROBLEM USING NAMELIST FEATURE OF FORTRAN IV INP 159 
80 REAU(5.101) (TITLE(I),1=1,18) INP 160 

READ(5,M0D) INP 161 
GO TO 1000 INP 162 

90 STOP INP 163 
END INP 164 
SOBRUUTINE R A T E S d E R R , D D S , S O R , S I ) RTS I 
C 0 M M U N / E / N U C L I D ( 2 0 ) , U F G P , V ( 2 5 ) , E X D U , U M A X ( 2 0 , 2 5 ) , P 1 ( 2 0 , 2 5 ) , RTS 2 

X P S ( 2 0 , 2 5 ) , S 0 0 R C E ( 3 0 ) , S C D , A C S , F C S , S C S , P H I T 0 T , P H I T , A C S G P , F C S G P , R T S 3 
X S C S G P , R A P , S I G A B G ( 2 0 , 3 0 ) , S I G F B G ( 2 0 , 3 0 ) , S I G S B G ( 2 0 , 3 0 ) . 0 S 1 ( 2 0 ) , RTS 4 
X D S M A X ( 2 0 ) , A L P ( 2 0 , 2 5 ) , S C L ( 2 0 , 3 0 ) , D S L ( 2 0 ) , D P S ( 2 0 ) . B S Q ( 2 5 ) RTS 5 
LOMM0N/QW/REZ.AIMZ,REW,AIMW, TR(62,62),TI(62.62) RTS 6 
COMMON/A/ F1V,SL(20,30), TEST, SIGP(20.30),XZETA(20,30), RTS 7 

XSA(20,30),SF(20,30),SS(20,30),DEN(20,30),G(300),GN(300).GF(300), RTS 8 
X GR(300),ER(300),XRES(300),SIGZ(300),GAMMA(300),SIGIN(300), RTS 9 
X SIGMIN(300), S I G O O ) , RTS 10 
X SIGA22(20),SIGF22(20), XN,XC,EJOT,T0T3,WORK(60).P(30) RTS 11 
COMMON/B/ UIGP, ' CR(30),RA0(35),RTS 12 

X RAT10(30),D1FX(30), SPP(30),SPN(30). RTS 13 
X AREA(35), FLUX(30,100),FLUXCP(30,100),SCAT(40000), RTS 14 
XTAB(662),rUT.TT(60,5), AF(30.5),FF(30,5). RTS 15 
X V11,VI2.V13,SSF(30,5),USTR(25),DUSTR(25) RTS 16 
COMMON/C/ RTS 17 

X XAREAT,AREAT,RMAX(30), RTS 18 
X ENGP(1001),RIAC(20,30),KIFC(20,30),RISC(20,30),TEMP(30), RTS 19 
X XTEMP(30), PHICT(30),PHI(30),PFLUX(30),RTS 20 
XSIGTR(30),BARMU(30), AMU(20),SIGPOT(20),AREAC(30),XAREAC(30), RTS 21 
XGX2( 10),GW2(10),WW2dO), RTS 22 
X DR(30),XAREA(30),PHIRT(30), GX3(10),GX4(10),GW3(10), RTS 23 
X GH4(10).WW3(10) , W W 4 d O ) ,V1,V2.V3.V4,V5.V6,V7,V8,V9,V10 RTS 24 
COMMON/D/KI,KRES,NTEMP,INCLUD(300), RTS 25 

X NEXT(20),LAST(20),NRES(20),INDEX, KS, RTS 26 
X NU,NOPT,ISYM(30),I II,KFOIL,KREG,KMAT,KCOMP,KGP,KBG,NPRINT,MORE, RTS 27 
X IBGP,IFGP,IBG,JBG,NIB(25),NINT(30),MINT(30),LREG(35),NX(30) , RTS 28 
X NFI (25) , T I T L E d 8 ) ,KB ,MULT ( 20,25 ) , JNU ( 20 ) , JMULT ( 2 0 ) , RTS 29 
X INUI(20,25),INUF(20,25),NOX,NISO,KBSQ RTS 30 
REAL*8 NUCLID RTS 31 
REAL*8 UFGP,V,EXDU,UMAX,OSl.DSMAX,SOURCE,SOD,ACS,FCS,SCS,PHITOT, RTS 32 
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X PHIT,ACSGP,FCSGP,SCSGP,RAP,SIGABG,SIGFBG,SIGSBG,PI,PS,ALP,DSL RTS 33 
REAL*8 DPS,UDS,SUR,SI RTS 34 
REAL*8 DEL,QO,PFUNC RTS 35 
DIMENSION 0(30), TAU(35), TTAU(30),TQ(60),T(30) RTS 36 
DIMENSIUN RR(30) RTS 37 
DIMENSION SI(30),DS(30),ITRY(30),PIJ(30.30).R(30),DDS(30),SOR(30) RTS 38 
EQOIVALENCE (KREG,II) RTS 39 
PNL=1. RTS 40 
IF(KBSQ)15,15,5 RTS 41 

C FIND NON-LEAKAGE PROBABILITY PNL RTS 42 
C ASSOME D IS 1/(3SIGMA TOT) WHERE SIGMA TOT IS FLUX-WTO RTS 43 

5 V1=0. RTS 44 
V2=0. RTS 45 
DO 10 1=1,KREG RTS 46 
V2=V2+PHI(I) RTS 47 

10 V1=V1+PHI(I)*SIG(LREG(I)) RTS 48 
V1=V1/V2 RTS 49 
D=0. RTS 50 
DO 11 K=l,KCOMP RTS 51 
0=D+SIGTR(K)»AREAC(K) RTS 52 

11 CONTINUE RTS 53 
D=RMAX(KC0MP)/(3.*D) RTS 54 
PNL=V1/(V1+D*BS0(IBG)) RTS 55 

15 IFd I-l )20,30,80 RTS 56 
20 WRITE (6.25) RTS 57 
25 FORMATdOH ***KREG**) RTS 58 

IERR=1 RTS 59 
RETURN • RTS 60 

30 CONTINUE RIS 61 
R( 1) = 0.0 RIS 62 
CR(1) = SOURCEd) RTS 63 
IF ( IBGP.EO.LAND. IFGP.EO.l) GO TO 60 RTS 64 
CR(1)=CR(1)*PNL RTS 65 
IF(KS.GT.O) GO TO 41 RTS 66 
DO 40 J=1,KMAT RTS 67 
IF (OEN(J.l)) 35,40,35 RTS 68 

35 R d ) = R d ) + DPS(J) * SS(J,1) RTS 69 
40 CONTINUE RTS 70 

R d ) = R(1)/SIG( 1) RTS 71 
41 CR(1 )=PNL*SOURCE(l)/d.-Rd)) RTS 72 

U(J= SORd ) + R( 1)*CR(1 ) RTS 73 
C CHECK IF SOURCE CORRECTION LESS THAN ROUNDOFF RTS 74 

IF(SDURCEd) )45,55,45 RTS 75 
45 1F( DABS(U(3/S00RCE(1) )-0.50-06 )50.50,55 RTS 76 
50 i;0=0.0D0 RTS 77 
55 D0S( l) = DDSd)tCQ RTS 78 

SOURCEd)=(SI(I)+DDSd) )*PNL RTS 79 
60 IKKF0IL)75,75,65 RTS 80 
65 DO 70 L=l,KFOIL RTS 81 

DEL=SIG (L+1)*AREA(L+1) RTS 82 
ZZ=DEL*PFUNC(DEL) RTS 83 
TT(l.L) = II * S0URCE(1)/(DEL * SIGd) » (1.0 - Rd))) RTS 84 

70 CONTINUE R T S 85 
f5 RETURN RTS 86 
80 12=11-2 ^ RTS 87 

TOT-0. RT5 88 
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JJJ=KREG+KFOIL 
DO 115 K=1,JJJ 
TAU(K)=SIG (LREG(K))*AREA(K) 
IF(TAU(K))85,95,95 

85 WRITE(6,90 ) K.TAU(K),IBGP.IFGP 

90 F0RMAT(5H TAU(,I 2,2H) = ,E12.5,17H INTERMEDIATE GR.,I3,2X,9H FINE 
l.,I3,/,21H •••••PROBLEM ABORTED) 

IERR=1 
RETURN 

95 IF(K-II ) 100,100,115 
100 TTAU(K)=0.0 

IF(TAU(K))110.110,105 
105 TTAU(K)=1./TAU(K) 
110 g(K)=0.5^S0UKCE(K)^PNL 

Ty(K)=TTAU(K)^Q(K) 
TQ(K+II)=TQ(K) 

TOT=TUTtTAU(K) 
115 CONTINUE 

L = 0 
DO 145 1=1,KCOMP 
IF(NINT(I)-1)120,120,125 

120 DS(L+l)=0. 

ITRY(L+l)=0 
L = Ltl 
GO TO 145 

125 M=NINT(I)-l 
IF(M-2)140,130,130 

130 DO 135 J=2,M 
135 0S(L+J)=0.5^(TQ(LtJ+l)-TU(L+J-l)) 
140 DS(L+M+l)=(TC(L+M+l)-TQ(LtM)) 

DS(Ltl)= (TQ(L+2)-TQ(L+l ) ) 
L = LtNlNT ( I ) 

145 CONTINOE 

UO 150 1=1,11 
g ( d = 0.5 

T Q d ) = TQ( I )/SOORCE( I ) 
U S d ) = O S d )/SOURCE( I ) 

150 CONTINOE 
UO 175 1=1,11 
00 SELF-ABSORPTION ONLY 

M=II+I 
CQ = TAU( I ) 
P(I)=PFUNC(QQ) 
WORK(I)=TAO(I) 
WORK(M)=TAO(I) 
ITRY(I)=0 
I F d O d ) )160,155,160 

155 IF( ABS(DS(I))-.000001)170,170,165 
160 IF( ABS(DS(I)/TQ(I) )-.01)170,170,165 
165 ITRY(I)=1 

GO TO 175 
170 0S(I)=0. 
175 CONTINUE 

DO 180 1=1,4 
WW2( I ) = G W 2 d )/(l.- EXP(T0T*GX2( I)) ) 
WW3( I) = G W 3 d )/(l.- E);P( T0T^GX3(I))) 
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WW4(I)=GW4(I)/(1.- EXP( I0T*GX4(I))) 
180 CONTINUE 

XC=.004126+.00628* EXP(-19.8*T0T) 
ASSIGN 295 TO JSWCH 
ASSIGN 360 TO JRSWCH 
IF(rOT-4.5)190,190,185 

185 ASSIGN 285 TO JSWCH 
ASSIGN 350 TO JRSWCH 

C DO NEIGHBOOR AND SAME CELL CONTRIBUTIONS 
C BY CALCOLATING CURRENT IN - CURRENT OUT 

190 V1=T0T 
V2=T0T 
CALL XTRAP 
A1=V7 
CALL XTRAP4 
A3=V8 
AAl=Al+0.5 

C 
DO 195 IR=1,II 
RRdR) = 0.0 
DO 195 JR=1,II 

195 PIJ (IR.JR) = 0.0 
C 

DO 420 1=1,d 
NN = I I-H-1 
IR=II+l-I 
MM=II+IR 
X6=0. 
F7=0. 
X8=0. 
FS=Ta(I) 
V4=TAU(I) 
X1=T0T + TAU(I) 
1F(TAU(I)-.01)200.200,205 

200 V3=T0T 
CALL YZ3 
A2 = V9 
GO TO 210 

205 V3=2.*T0T 
CALL YZ3 
PT=PE3(T0T) 
A2=V9tPT-PE3(Xl) 

210 X2=(0T+TAU(IR) 
X3 = rOT-TAOd ) 
FIN=Qd)^( P d ) + A2*TTAU(I) ) 
F9=0. 
V3=0.0 
ASSIGN 330 TO ISWCH 
IFdTRYd) )235,235,215 

215 ASSIGN 325 TO ISWCH 
DFS=DSd ) 
V1=TAU(I) 
V4=TAU(I) 
CALL XTRAP 
CALL YZ4 

F9=DFS*(0.5*(AA1+V7)-TTAU(I)*V10) 
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IF(FIN)220,230,220 
220 IF( ABS(F9/FIN)-.01)225,225,230 
225 ASSIGN 330 TO ISWCH 

Fg = 0. 
GO TO 235 

230 V1=X3 
V2=X3+TOT 
CALL XTRAP 
CALL XTRAP4 
V8=V8tE4(X3) 
F7=0FS*(0.5*(V7+AI)-TTAU(I)*(V8-A3)) 

235 X6=0. 
X4=T0T-TAU(IR) 

Vl=X2 
V1 = X2 
CALL XTRAP 
BIN=0. 
BOUTL=0. 
ASSIGN 380 TO IRSWCH 
IK ITRYI IR) 1260,260,240 

240 ASSIGN 365 TC IRSWCH 
V1=T0T+TAU(IR) 
CALL XTRAP 
bIN=Q(IR)^(PdR)«-(Al-V7)*TTAU(IR)) 
DSR=DS(IR) 
V1=IAU(IR) 
V4=TAU(IR) 
CALL XTRAP 
CALL YZ4 
X6=0SR*(0.5*(AA1+V7)-TTAU(IR)*V10) 
1F(BIN)245,255,245 

245 1F( ABS(X6/BIN)-.01)250,250.255 
250 ASSIGN 380 TO IRSWCH 

GO TO 260 
255 BIN=-X6 • 

V1=X4 
V2=X4+TUT 
CALL XTRAP 
CALL XTRAP4 
V8=V8tE4(X4) 
BOUTL=-
1 DSR*(0.5*(V7+A1)-TTAU(IR)*(V8-A3)) 

260 V4=TAU(I) 
IF(TAU(I)-.01)2 65.265,270 

265 V3=X3 
CALL YZ3 
F0UTL=FS*V9 
GO TO 275 

270 V3=X3+T0T 
CALL YZ3 
FOUTL=FS*(V9+PE3(X3)-PT) 

275 CONTINUE 
PIJ( i,I )=2.^(Q( I)*(1.-P(I) ) + F0UTL-FS»A2 ) • PlJd.I) 

C THIS IS R R d ) FROM I-TH PLATE IN ALL UNIT CELLS AND IS NOT 
C CONTRIBUTED TO BY LINEAR SOURCE TERM, BY SYMMETRY 

X1=HURK(I) 
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II 

X2=W0RK(IR) 
X5=W0RK(NN) 
V3=0. 
IF(I2)335.335,280 

280 CONTINOE 

DO 335 K=1,I2 
J = I + K 

IF (J.GT.II) J = J 
GO TO JSWCH,(295.285) 

285 IF(V3-9.)295,290,290 
290 PIJ( I.J) = P l J d . J ) + 

PIJ(J,l ) = PIJ(J,I ) • 
FIN=FOUTL 
GO TO 340 

295 V4=W0RK(J) 
THICK=X1 

IF(X1-V4)300,300,305 

300 V4=X1 
THICK=WORK(J) 

305 IF(V4-.1)310,310,315 
310 CALL YZ3 

C1 = V9 
V3=V3+THICK 
CALL YZ3 
C1=FS^(C1-V9) 
F0UT=FIN-C1 
PIJ( I,J) = PIJ(I,J) • 
PIJ(J,I) = PIJ(J,I) * 
V3=V3+HURK(J)-THICK 
GO TO ISWCH,(330,325) 

315 V3=V3+W0RK(J) 
V4=X1 
CALL YZ3 
F0UT=FS*V9 

320 PIJ(I.J) = PIJ(I.J) + 
PIJ(J,I) = PIJIJ.l) + 
GO 10 ISWCH.(330,325) 

325 V1=V3 

CALL XTRAP 
X9=V7 
V1=V3+V4 
CALL XTRAP 
X9=0.5^(X9+V7) 
CALL YZ4 

ABC=0FS^(X9-TTAU(I)*V10) 
PIJ( I,J) = PIJ(I,J) + F9 
F9=ABC 

330 FIN=FUUT 
335 CONTINOE 

C 

340 V3=0. 

IF (12)370,370,345 
345 CONTINUE 

FIN 
FIN • TQ(J)/TQ(I) 

CI 
CI • TQ(J)/TQ(I) 

FIN - FOUT 
(FIN-FOUT) T0(J)/TQ( I) 

ABC 
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DO 370 K=1,I2 
M=MM-K 
IF (M.GT.II) M = M - II 
V3=V3*WORK(M) 
GO 10 JRSWCH,(360.350) 

350 [F(V3-9.)360,355.355 
355 PIJ(IR.M)=PIJ(IR.M) • BIN 

GO TO 380 
360 V4= X2 

GO TO IRSWCH,(380.365) 
365 V1=V3 

CALL XTRAP 
X10=V7 
V1=V3+V4 
CALL XTRAP 
X10=0.5*(X10+V7) 
CALL YZ4 
BOUT= -DSR*(X10-TTAUdR)*V10) 
PIJ(IR,M)=PIJ(IR,M) • BIN - BOUT 
BIN=BOUT 

370 CONTINUE 
C 

375 CONTINUE 
PIJ(IR,I ) = PIJ(IR,I > + BIN - BOUTL 

380 V3=rOT-Xl-X5 
V4 = X1 
THICK=X5 
IF(X5-X1)385.390,390 

385 V4=X5 
THICK=X1 

390 IF(V4-.011395,395,400 
395 CALL YZ3 

C1=V9 
V3=V3+THICK , 
CALL YZ3 
Cl=FS^(Cl-V9) 
GO (0 405 

400 C1=FIN-F0UTL 
405 CONTINUE 

IF (NN.GT.II) NN = NN - II 
PIJ(I,NN) = PIJ(I,NN) • CI + F9 - F7 
PIJ(NN,I) = PIJ(NN,I) + CI * TO(NN)/TQ(I) 

C 
NDX=0 
R(1) = 0.0 
IF(KS.GT.O) GO TO 420 
M = LREG(I) 
DO 415 J=1,KMAT 
IF (DEN(J.M)) 410,415,410 

410 R d ) = R d ) + OPS(J) * SS(J,M) 
415 CONTINOE 

R( I) = R d )/SIG(M) 
420 CUNTINOE 

C 
c 
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I F ( K S . G T . O ) GO TO 4 3 0 
I F d B G P . E Q . L A N D . I F G P . E ( 3 . 1 ) GO TO 4 3 0 
CALL MATINV (PIJ,II,RR ,0,DETERM,30) 

DO 425 L=1,II 
PIJ(L,L) = PIJ(L,L) - R(L) 

425 CONTINUE 

CALL MATINV (PIJ,II,RR ,0,DETERM,30) 

430 DO 435 K=1,II 
CR(K) = 0.0 
DO 435 KK=1,II 
CR(K) = CR(K) + PIJ(KK.K) • SOURCE(KK) 

435 CONTINUE 
DO 437 1 = 1 . K R E G . 2 
I F d S Y M d ) ) 4 3 8 . 4 3 8 . 4 3 6 

436 A V G = 0 . 5 * ( C R ( I S Y M ( I ) ) t C R d S Y M ( I + l ) ) ) 
CR( I S Y M d ) ) = AVG 
C R d S Y M I I + l ) ) = AVG 

437 CONTINUE 
438 CUNTINOE 

UO 460 1 = 1. I I 
IF( IBGP.EQ.LAND.IFGP.EO.l) GO TO 455 
UQ=Rd)»CR( I )+SOR( I ) 
CHECK IF SOURCE CORRECTION LESS THAN ROUNDOFF 
IF(SOORCE(I))440,450,440 

440 1F(UABS((JQ/S0URCE( I ) )-. 500-06 ) 44 5, 445, 450 
445 QQ=O.ODO 
450 DDS( I ) = DDS(I)tOQ 

SOURCE(I)=1SI(I)+DDS(I))*PNL 
455 TQd )=0.5*SOURCE( n^TTAUd ) 

OSd ) = DS(I)*SOURCe( I ) 
460 CUNTINUE 

UO 475 K=1,II 
M=II+K 
OU 465 L=l,KFOIL 
)T(K,L)=0. 
TT(H.L)=0. 

465 CONTINUE 
IF(CR(K))470,475,475 

470 NDX=1 
475 CONTINOE 

IF(NDX)530,530,480 
480 WRITE (6,485) (CR(I),1=1, I I ) 
485 F0RMAT(lH0,(5Elf.8)) 

DO 490 J=1,II 
490 WRITE (6,485) (PI J(I,J),1=1, 11 ) 

WRITE (6,495) (SOURCEd ),TQd),DS(I),TAU(I),ITRY(I),1 = 1,II) 
495 F0RMAT(1H0,26HNEG. COLL. RATE ZEROED OUT,/,(4E20.8,I 5)) 

V3=1.0E+30 
V1=0. 
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V2 = 0. 
UO 505 1=1.KREG 
Vl=VltSOURCE(I) 
V2=V2*CR(I) 
IF(CR(I)-V31500,505,505 

500 V3=CR(I) 
505 CUNTINUb 

V2=V2-KREG*V3 
V1=V1/V2 
UU 510 1=1,KREG 
CR(I )=V1^(CR( I )-V3) 

510 CUNIINUE 
THIS NORMALISES TO SOM(CR(I)-SOURCE(I))=0. 
AND SETS MINIMUM COLLISION RATE TO ZERO 

530 IF(KF0IL)610,610,b35 
BEGIN FOIL CALCULATIONS 

535 DO 600 1=1.KREG 
X1=W(JRK( I ) 
FS=FQ(I) 
UFS=DS(I) 
V3 = 0. 
IR=I1*1-1 
SR=TC(IR) 
USR=DS(IR) 
MM=1I+IR 
DO 565 K=1,KREG 
J=I+K 
DO 560 L=l,KFOIL 
V4= TAU(II*L) 
CALL YZ3 
X2 = V9 
X10=0. 
IF(0FS)540,545,540 

540 CALL YZ4 
X10=V10 • 

545 V3=V3+X1 
CALL YZ3 
X3 = V9 
VIO^O. 
IF(DFS)550,555,550 

550 CALL YZ4 
555 V3=V3-X1 

TT(J-l,L)=TI(J-l.L)+FS^(X2-X3)tDFS*((X2+X3)*.5-TTAU(I)^(X10-V10)) 
560 CONTINUE 

V3=V3+WURK(J) 
565 CONTINUE 

X1=H0RK(IR) 
V3=0. 
DU 595 K=1,KREG 
M=MM-K 
DO 590 L=l.KFOIL 
V4= TAO(II*L) 
CALL YZ3 
X2=V9 
X10=0. 
IF(USR)570,575,570 
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RTS 481 
RTS 482 

5f0 CALL YZ4 

'^^°"^^° RTS 483 

" ' TALL'Y13 «T' ^84 
X3 V9 «f^ *85 
V10 = 0. "^T^ *86 
1F(DSR)580,585,580 ^ I ^ ^87 

580 CALL YZ4 ^'^ 488 
585 V3=V3-X1 ^ 

rT(M,L)=TT(M.L)+SR*(X2-X3)-DSR*((X2+X3)*.5-TTAU(IR)*(X10-V10)) RTS 490 

590 CUMINUE '^11 "Jll 
V3 = V3 + WURK(M) '*'̂  ^^^ 

595 CONFINUE ^ [ ^ *^^ 
600 CUNTINUE ^|| 7^* 

UD 605 L=l.KFOIL '^^^ *'' 
DU 605 1 = 1,KREG "•''^ *'* 
lid ,L) = (TT( l.L)tTT(I+KREG.L))/TAU (II+L) RTS 497 

605 CONT INUE "^TS 498 
610 RETURN "^TS 499 

END RTS 500 
SUBROUTINE DATA D*T 1 
C0MM0N/E/NUCLID(20).UFGP,V(25),EXDO.OMAX(20.25) , P U 2 0 , 2 5) . OAT 2 

V Dci9n.9m.<.nn»rFnni.<;nn.ir<;.Fr.s.sr.S.PHITDT.PHIT.ACSGP,FCSGP,0AT 3 
4 
5 

,_..,^,„^..,r, , 6 
COMMON/A/ 'Flvi^SLI2o]^3o')i TEST, ' S IGP ( 20 , 30 ) , XZETA ( 20 , 30 ) , DAT 7 

XSA(20,30),SF(20,30),SS(20,30),OEN(20,30),G(300),GN(300),GF(300). DAT 8 
X GR(300).ER(300).XRES(300),SIGZ(300).GAMMA(300).SIGIN(300). DAT 9 
X SIGMIN(300), SIG(30), DAT 10 
X SIGA22(20),SIGF22(20), XN,XC.ETOT,T0T3,WORK(60),P(30 ) DAT U 
COMMON/B/ UIGP, CR(30),RAD(35),DAT 12 

X RATIO(30),DIFX(30), SPP(30),SPN(30), DAT 13 
X AREA(35), FLUX(30,100),FLUXCP(30,100),SCAT(40000). DAT 14 
XTAB(662).T0I.TT(60.5). AF(30.5),FF(30,5), OAT 15 
X V11,V12.V13,SSF(30,5),USTR(25),DUSTR(25) DAT 16 
COMHON/C/ DAT 17 

X XAREAT,AREAr,RMAX(30), OAT 18 
X ENGPdOOl) ,RIAC(20,30) ,RIFC(20,30),RISC(20,30),TEMP(30), DAT 19 
X XTEMP(30), PHICT(30),PHI(30),PFLUX(30),DAT 20 
XSIGTR(30),BARMU(30), AMU(20),SIGPOT(20),AREAC(30),XAREAC(30). DAT 21 
XGX2( 10),GW2( 10) ,WW2dO) . DAT 22 
X DR(3O),XAREA(30),PHIRT(30), GX3(10),GX4(10),GW3(10) , DAT 23 
X GH4(10),WW3(10),WW4(10),V1,V2,V3,V4,V5,V6.V7.V8.V9,V10 DAT 24 
CUMMON/D/KI,KRES,NTEMP,INCLUD(300), DAT 25 

X NEXT(20),LAST(20),NRES(20),INDEX, KS, DAT 26 
X NU,NOPT,ISYM(30),II I,KFOIL,KREG,KMAT,KCOMP,KGP,KBG,NPRINT,MORE, DAT 27 
X IBGP,IFGP.IBG.JBG,NIB(25),NINT(30),MINT(30),LREG(35),NX(30), DAT 28 
X NFI (25) ,TITLEd8) ,KB , MULT ( 20 , 25 ) , JNU( 20 ) , JMULT ( 20 ) , DAT 29 
X INOI(20,25),INUF(20,25).NOX,NISO,KBSQ DAT 30 
REAL^B UFGP.V.EXOU.UMAX.OSl.DSMAX,SOURCE,SDD,ACS,FCS.SCS.PHITOT, DAT 31 

X PHIT,ACSGP,FCSGP,SCSGP,RAP,SIGABG,SIGFBG,SIGSBG,PI,PS,ALP DAT 32 
REAL+8 DSL,DPS DAT 33 
REAL+8 NUCLID DAT 34 
REAL*8 VT,BETA,UARG . DAT 35 
GX2(1)=-1.177891426 OAT 36 
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GX2(2)=-2.0/7191119 
GX2(3)=-4.163318952 
GX2(4)=-8.243369530 
GH2(1)=.341652502 
GW2(2)=.324695119 
GW2(3)=.166569908 
GW2(4)=.0832491983 
GX3( 1)=-L138893a3 
GX3(2)=-1.85532327 
GX3(3)=-3.61600813 
GX3(4)=-7.28316919 
GW3( 1) = .251036872 
GW3(2)=.178254373 
GW3(3)=.0531086307 
GW3(4)=.0134690502 
GX4( 1)=-L11147228 
GX4(2)=-L68851498 
GX4(3)=-3.15938155 
GX4(4)=-6.41012357 
GW4(1)=.194827289 
GW4(2)=.113795599 
GW413)=.0215903023 
GW4(4)=.00280124126 
PI=3.14159265 
FlV=SaRT(O.C25 3/ENGP(l ) ) 
XNFB=1./NFI(I) 
DO 200 J=I,KMAT 

200 BARMUIJ) = .6666667/AMU( J) 
N I S U = 0 
DO 2 K= l .KCOMP 
OU 2 J = 1 . K M A T 
I F ( O E N ( J . K ) ) 3 . 2 . 3 

3 N ( S U = N I S O * N I N T ( K ) 
2 C O M INOE 

NOX=40000/NISO-1 « 
DO 35 1=1.KBG 
UFGP=UI&P/NFI(I) 
EXDU=OEXP(-UFGP) 
V( I ) = LOOO-EXDU 

C DELETION OF INGROUP SCATTERING PROBABILITY AND 
C REDEFINITION OF DOWNSCATTER PROBABILITIES TO CONSERVE NEOTRONS DAT 

VT=V( I )+Vd )/UFGP 
IF(KS.GT.O) VT=V(I) 
DO 35 J=1,KMAT 
IF(AMU(J)-l.l)5,5,10 

5 UMAX(J,I)=20.0D0 
GO TO lb 

10 UARG=1.000+2.ODO/(AMU(J)-l.) 
UMAX(J,I)=2.0D0^DL0G(UARG) 

C ROOND TO NEAREST INTEGER MULTIPLE 
15 LUMAX=UMAX(J,I)/UFGP + .5 

C MULT IS THE NUMBER OF FINE GROUPS AVERAGED OVER FOR SCAT 
MOLT(J,I)=l+LUMAX/(N0X-26) 

C NEED AN EXTRA INTERVAL FOR 3RD INTERPOLATION POINT AND ONE FOR 
C CHANGING CURRENI INTERVAL AND 25 FOR BROAD GROUP BOUNDS 

UMAX!J,I)=UFGP^DFLOAT(LUMAX) 
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G N ( K ) / ( A E R • G A M M A ( K ) * * 2 ) 

G N ( K ) / ( A E R • GAMMA(K) ) 

A L P ( J , I ) = D E X P ( - O M A X ( J , I ) ) 
I F ( I - 2 ) 1 , 3 0 , 3 0 

1 I F ( J - K R E S ) 2 0 . 2 0 . 3 0 
20 00 25 K = l , N T E M P 
25 X Z E T A ( J , K ) = S G R T ( A M U ( J ) / ( 3 . 4 6 6 6 8 E - 0 4 * E N G P ( 1 ) * T E M P ( K ) ) ) 

N=NfcXT(J) 
L = L A S T ( J ) 
A2 = 1 . 0 + L O / A M U ( J ) 
A4 = A2 • A2 
DO 27 K = N . L 
AER=ABS ( E R ( K ) ) 
XRES(K)=SQRT ( A E R / E N G P ( 1 ) ) 
G A M M A ( K ) = G N ( K ) + G R ( K ) + G F ( K ) 
S I G Z ( K ) = 2 . 6 0 3 8 5 E + 0 6 • A4 * G ( K ) 
IF ( G ( K ) . G E . O . O ) GO TO 26 
S I G Z ( K ) = 2 . 6 0 3 8 5 E + 0 6 • A4 • ( - G ( K ) ) 

26 ABSS = A8S ( S I G P O T ( J I • G ( K ) * S I G Z ( K ) * G N ( K ) ) 
27 S I G I N ( K ) = S O R T (ABSS) 
30 B E T A = L 0 D 0 / d . 0 D 0 - A L P l J . I ) ) 

P K J , I )=BETA^VT 
P S ( J , I ) = B E T A * ( O F G P - V ( I ) ) / O F G P 
I F ( K S . G T . O ) P S ( J , I ) = O . 0 D O 

35 CONTINUE 
USTR(11=0. 

D U S T R d )=UIGP*NIB(1) 
UO 36 J=l,KMAT 
JNU(J)=0 
J M U L K J )=0 
INUI IJ,I) = l 
INUF(J,l)=INUI(J,ll + ( N I B d ) + N F I ( l ) - l ) / M U L T ( J , l ) 

36 CONTINUE 
IF(KBG-l)38.38.37 

37 DU 39 1=2.KBG 
D U S T R d )= NIBI I )^UIGP 
USTRI I)=USTRd-l)+DUSTR( 1-1) 
DO 39 J=1,KMAT 
INOI(J,I)=INUF( J.I-1 ) + l 
INOF(J.I)=INUI(J,I) + ( NIB( I )^NFI( I)-1)/MULT(J,I) 

39 CONTINUE 
38 Z=U!GP 

00 4 0 1=1 ,KGP 
ENGPI I + l ) = E N G P d ) ^ E X P ( - Z ) 

40 Z=Z+UIGP 
I F ( K R E G - 1 ) 1 0 0 , 1 0 0 , 4 1 

41 I F ( N 0 P T ) 1 0 0 , 1 0 0 , 4 3 
100 AREA(1) = L 0 

X A R E A d )=XNFB 
L R E G ( 1 ) = 1 
A R E A C d ) = L 0 
XAREAC(1)=XNFB 
RAD( 1) = L 0 
A R E A T = L O 
XAREAT=XNFB 
GO TO 95 

43 M I N T ( l ) = N l N T d ) 

U R ( 1 ) = R M A X ( 1 ) / F L 0 A T ( N I N T ( l ) ) 
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DO 45 1=2,KCOMP 
ORd ) = (RMAX( l)-RMAX(l-l) )/FLOAT (NINTd) ) 

45 MINT(I)=MINT(I-l)+NINT(I) 
1 = 1 
RADI 1)=0R(1) 
AREA(1)=RAD(1) 
LREG(1)=1 
DO 60 J=2,KREG 
I F I J - M I N T d ) ) 5 5 . 5 5 , 5 0 

50 1 = 1 + 1 
55 L R E G ( J ) = I 

A R E A ( J ) = 0 R ( I ) 
60 R A D I J ) = R A D ( J - 1 ) + D R ( I ) 
80 AREAT=RMAX(KCOMP) 

XAREAT=XNF8/AREAT 
A R E A C ( 1 ) = R M A X ( 1 ) 
X A R E A C I 1 ) = X N F B / A R E A C ( 1 ) 
XAREAd ) = XNFB/AREA( I) 
DO 85 1=2.KREG 

85 XAREAd l = XNFB/AREA( I ) 
DO 90 J=2.KCOMP 
AREACIJ)=RMAX(J)-RMAX(J-1) 

90 XAREAC(J)=XNFB/AREAC(J) 
95 IF(KF0IL)96.96,119 
119 UO 120 I=1,KFUIL 

LREG(KREG+I)=KCUMP+I 
AREA(KREG+I)=RMAX(KCOMP+I) 

120 CONTINUE 
96 RETURN 

END 
SUBROUTINE SCARCE!I ERR,DS.SUR,SI) 
CUMMUN/E/NUCLI0(20).UFGP,V(25),EXOO,UMAX(20.25),P1(20,25), 
X PS(2O,25),SOORCE(30),SCD.ACS.FCS.SCS.PHIT0T.PHIT,ACSGP,FCSGP,SOA 
X SCSGP,RAP,SIGABG(20,30),SIGFBG(20,30),SIGSBG(20,30),DS1(20), 
X DSMAX(20),ALP(20,2 5).SCL(20.30),OSL(20).OPS(20).BSQ(25) 
COMMON/gW/REZ.AIMZ,REW.AIMW, TR(62,62),TI(62.62) 
COMMON/A/ FIV,SL(20,30). TEST. SIGP(20.30).XZETA(20,30), 
XSA(20,30),SF(20,30).SS(2O.30),DEN(2O,30),G(300),GN(300),GF(300), 
X GR(300),ER(300).XRES(300),SIGZ(300).GAMMA(3C0).SIGIN(300), 
X SIGMIN(300), SIG(30I, 
X SIGA22(20),S1GF22(20). XN,XC,ETOT,TOT 3,WORK(60),P(30) 
COMMON/B/ UIGP, CR(30).RAD(35) 

X RATIO(30).DIFX(30). SPP(30),SPN(30), 
X AREA(35), FLUX(30,100),FLUXCP(30,100).SCAT(40000). 
XTAB(662),T0T,TT(60.5). AF(30,5),FF(30,5), 
X VU,V12.V13,SSF(30,5),USTR(25),DUSTR(25) 
COMMON/C/ 

X XAREAT,AREAT,RMAX(30), 
X ENGP(1001),RI AC(20,30),RIFC(20,30),RISC(20,30),TEMP(30), 
X XTEMP(30), PHICT(30),PHI(30),PFLUX(30),S0A 
XSIGTR(30I,BARMU(30), AMU(20),SIGPOT(20),AREAC(30),XAREAC(30), 
XGX2(10),GW2(10),WW2(10), 
X DR(30),XAREA(30),PHIRT(30). GX3d0).GX4(10).GW3(10), 
X GW4d0),WW3d0),WW4d0),Vl,V2.V3,V4,V5,V6,V7,V8,V9,Vl0 
COMMON/D/KI,KRES.NTEMP,INCL0D(300), 

X NEXT(20),LAST(20),NRES(20),INDEX, KS, 
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X NU,NOPT,ISYM(30),11 I,KFOIL,KREG,KMAT,KCOMP.KGP,KBG,NPRI NT,MORE, SOA 
X IBGP.IFGP.IBG.JBG,NIB(25),NINT(30),MINT(30),LREG(35),NX(30), 
X NFI(25),TITLE(18),KB ,MULT(20,25),JNU(20),JMULT(20), 
X INUI(20,25),INUF(20,25),NOX,NISO,KBSQ 
DIMENSION DS(30),SI(30),S0R(30) 
REALMS NUCLID 
REALMS DS.SI.SOUR.PL.Q.Z.XS,U,XNFI,SOR 
REAL*8 UFGP,V,EXDU,UMAX,OS1,DSMAX,S00RCE,SDD,ACS.FCS.SCS.PHITOT, 

X PHII,ACSGP,FCSGP,SCSGP,RAP,SIGABG.SIGFBG.SIGSBG.P1.PS,ALP,DSL 

REAI •B DPS 
X N F 1 = 1 . 0 D 0 / N F I ( I B G ) 
UFGP=UIGP^XNFI 
E X 0 U = 1 . 0 D 0 - V ( I B G ) 
I F ( I B G P - 1 ) 5 , 5 . 3 5 

5 I F ( I F G P - 1 ) 1 0 , 1 0 , 3 5 
10 U=UFGP 

NUX1=N0X+1 
NXN=NOX*NISO 
SUD=O.ODO 
RAP=O.ODO 
DO 25 1=1,KMAT 
Z = L O U O / d . O D O - D E X P ( - U M A X ( I , I B G ) ) ) 
UO 2 5 J = 1 , I I I 
I F ( I - K R E S ) 2 0 , 2 0 , 1 5 

15 S A ( I , J ) = D E N ( I , J ) * S I G A 2 2 ( I ) 
S F ( I . J ) = D E N ( I . J ) ^ S I G F 2 2 ( I I 

20 S I G P d , J ) = D E N ( I . J ) * S I G P O T ( I ) 
I F ( J - K C 0 M P ) 2 4 , 2 4 , 2 5 

24 S D D = S D D + S I G P ( I . J ) • A R E A C ( J ) * ( 1 . 0 0 0 - ( Z - 1 . O D O ) • U M A X ( I , I B G ) ) 
25 CONTINOE 

UO 3 1 1=1,KREG 
S K I )=O.OD+CO 
D S d ) = 0 . 0 0 + 00 
S O R ( I ) = O . O D O 
K = L R E G d ) 
DO 30 J = l , K M A T 
S C L ( J , I ) = S I G P ( J , K ) ^ A R E A ( I ) 

30 SI ( I ) = S I ( I ) + S I G P ( J . K ) ^ A R E A ( I ) 
31 SOURCEd ) = SI (I ) 

IN0EX=1 
CALL XSECKIERR) 
GU TU 100 

35 IF(JBG-2)40.36.36 
36 INDEX=4 

GU TU 60 
40 IF(IFGP-2)45,41.36 
41 INUEX=2 

GO TO 55 
45 I F ( 1 8 0 - 2 ) 4 6 , 4 7 . 4 7 
46 1NDEX=1 

GO TO 55 
47 INDEX=3 
55 XS=-V(IBG) 

L=IBG 
60 CALL X S E C T d E R R ) 

J 1=0 • 
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DO 9 5 1=1 ,KREG 
K = L R E G ( ( ) 
S U U R = ( S I ( I ) + D S ( I ) ) * X S 
UO 9 8 J = 1 , K M A T 
1 F ( D E N ( J , K ) 1 6 1 , 9 8 . 6 1 

6 1 SOUK = SOOR + P H K I ) ^ I S L ( J . K ) ^ D S K J ) ) 
X - S C L I J . I I ^ D S M A X I J I 

J I = J I + l 
Q = U - U M A X ( J , I B G ) - 0 . 5 D 0 * U F G P 
N = l 
UU=UUSTR(1) 
I F ( 0 - 1 . 0 0 - 8 ) 9 0 . 9 0 . 6 4 

64 t ; = 0 - 1 . 0 D - 8 
66 I F ( U - U U ) 7 0 . 7 0 , 6 7 
67 N=N+ I 

bU=UU+OUSTR(N) 
GO TO 66 

70 P L = - . 5 + ( N U I ( J , N I + ( C - U S T R ( N ) ) • N F I ( N ) / ( U I G P ^ M U L T ( J , N ) ) 
L M = P L + . 5 
M M = ( L M - 1 ) / N 0 X 1 
M = N I S O ^ ( L M - N U X l * M M - l ) 
P L = P L - L M 
ML=M-NISO 
I F ( M L ) 2 0 0 , 2 ' 0 l , 2 0 1 

200 ML=NXN 
201 MH=M+NISO 

1F(MH-NXN)203.20 3.2 02 
202 MH=0 
203 XL=SCAT(JI+ML) 

XO=SCAT(JI+M ) 
XH=SCAT(JI+MH) 
IF(LM-I NO I(J,N)-l1261,230,2 30 
THIS IS SPECIAL CASE AT START OF A BROAD GROUP 

261 IF(INUF(J,N)-LM)221.210,221 
THIS IS NOT INTERPOLATION AT ALL 

210 VVV=XO 
GO TO 75 

2-POINT INTERPOLATION ON 2 HIGH POINTS 
221 VVV=(L-PL)^XO + PL*XH 

GO TO 75 
230 IF(INUF(J,N)-LM)241,232.241 

USE 2 LOW POINTS 
232 PL=PL+1. 

VVV=(1.-PL)^XL+PL^X0 
GO TO 75 
NORMAL 3-PUINT INTERPOLATION 

241 VVV=0.5^PL^(PL-1.)^XL + (1.-PL^PL)•XO +0.5^PL^(1.+PL)•XH 
75 SOUR=SOUR-VVV^DSL(J) 

SCL( J.I )=VVV 
GO TO 98 

90 SOUR=SOUR-DSL(J)^SCL(J.I) 
98 CONTINUE 

SOURCE(I)=SI(I)+OS(I)+SOUR 
SOR(I)=SOUR 

95 CONTINUE 
DO 96 1=1,KREG 
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IFISOURCEd ) )97,96,96 
97 E=ENGP(1)^UEXP(-U) 

PRINT 102,I,S0ORCE(I),E 
102 FORMAKSH SOURCE ( , 12 , 2H ) =, E15. 8 ,2X , 22HRESET TO 1 DOWNSCATT ER, 2X, 

X 2HE=,E13.5) 
S0ORCEd)=0. 
K=LREG(I) 
DO 961 J=1,KMAT 
IF(DEN(J,K))962,961,962 

962 S0URCE(I)=DS1(J)^PHI(I)^SL(J,K) +SOURCEd) 
961 CONTINUE 

DS( I )=SOURCE(I )-SK I ) 
96 CONTINOE 
100 U=U+UFGP 

RETURN 
END 
SUBROUTINE YZ3 
COMMON/E/NUCLID(20),UFGP,V(25),EXD0,UMAX(20,25).PI(20.2 5). 
X PS(20,25),SOORCE(30),SDD,ACS,FCS,SCS,PHITOT,PHIT,ACSGP,FCSGP,YZ3 
X SCSGP,RAP.SIGABG(20,30),SIGFBG(20,30),SIGSBG(20.30).OS1(20). 
X DSMAX(2O).ALP(20.25).SCL(2O,3O),DSL(2O),0PS(2O),BSQ(25) 
COMMON/QW/REZ,AIMZ,REW,AIMW, TR(62,62),TI(62,62) 
COMMON/A/ F1V,SL(20.30). TEST, SIGP(20,30),XZETA(20.30), 
XSA(2 0,3O),SF(20,3O),SS(20,3O),DEN(2O,3O),G(3O0),GN(300),GF(300), 
X GR(300),ER(300),XRES(300),SIGZ(300),GAMMA(300),SIG1N(300), 
X SIGMIN(300), SIG(30), 
X SIGA22(20),SIGF22(20), XN,XC,ETOT,TOT 3,WORK(60).P(30) 
COMMON/B/ OIGP, CR(30).RA0(35).YZ3 
X RATIO(3O).DIFX(30). SPP(30),SPN(30), 
X AREA(35), FLUX(30,100) .FLUXCPOO.IOO) .SCAT(40000) . 
XTAB(662),T0T,TT(60,5), AF(30,5),FF(30,5 ) , 
X V11,V12,V13,SSF(30,5),USTR(25),0USTR(25) 
COMMON/C/ 
X XAREAT.AREAT.RMAX(30), 
X ENGPdOOl) ,RIAC(20,30) ,RIFC( 20,30 ),RI SCI 20,30 ), TEMP (30) , 
X XTEMP(30), PHICT(30),PHI(30),PFLUX(30),YZ3 
XSIG1R(30),BARMU(30), AMU(20),SIGPOT(20),AREAC(30),XAREAC(30 ) , 
XGX2(10),GW2dO),WW2dO), 
X DR(30),XAREA(30),PHIRT(30), GX3(10),GX4(10),GW3(10), 
X GW4(10),WW3(10).WW4(10),V1.V2.V3.V4.V5.V6.V7.V8.V9,V10 
COMMON/D/KI,KRES,NTEMP,INCL0D(3C0), 
X NEXK20),LAST(20),NRES(20),INDEX, KS, 
X NU,N0PT,ISYM(30),1 I I,KFOIL,KREG.KMAT,KCOMP,KGP,KBG.NPRI NT,MORE. 
X IBGP,IFGP,IBG,JBG.NIB(25).NINT(30),MINT(30),LREG(35),NX(30), 
X NFI(25),TITLE(18),KB .MULT(20.25),JNU(20),JMULT(20), 
X INUI(20,25),INUF(20,2 5).N0X.NIS0,KBSQ 
REALMS NUCLID 
REAL^B UFGP,V,EXOO,UMAX,DS1,DSMAX.SOURCE.SDD.ACS.FCS.SCS.PHITOT. 
X PH I T.ACSGP.FCSGP,SCSGP,RAP,SIGABG,SIGFBG,SIGSBG,PI,PS,ALP,DSL 
REAL+8 DPS 
REAL^B B,PFZ.PFUNC,C 
EQUIVALENCE (V3, Y),(V4, DEL) 
V9=0. 
A=Y 
(FIDEL-.01)18,18,15 

18 IFIDEL-.0001)40,50,50 * 
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40 UEL2=0. Y^3 41 
DIF=0. 

GO (0 41 

C = A 

GO TO 22 

YZ3 42 
41 IF(A-,6)42,ll,ll YZ3 43 
42 DIF=0IF+E2(A)^DEL YZ3 44 

A=A+TUT YZ3 45 
YZ3 46 

50 DEL2=.0416666667^DEL*DEL YZ3 47 
DIF=0. YZ3 48 
B = A+DEL y;3 <J9 

19 IF(B-.6)10,11,11 Y;3 50 
10 PFZ=PFUNC(B) YZ3 51 

YZ3 52 
53 
54 

DIF=DIF + C^(PFZ-PFUNC(C) l+DEL+PFZ YZ3 
A=A+TOT YZ3 
B=A+DEL YZ3 55 
GO TO 19 YZ3 56 

11 U= A+0.5*DEL YZ3 57 
DO 12 1=1,4 YZ3 58 
U=GX2(I )^GX2d )^DEL2 YZ3 59 
V9 = V9 + WW2(I )•( l.+U*(l. + .0125^U) )• EXP(Q*GX2d)) YZ3 60 

12 CUNIINUE Y£3 51 
V9=V9»DEL +DIF YZ3 62 
RETURN YZ3 63 

15 Z=Y+DEL YZ3 64 
IF(IUT-.2)30,30.31 Yi3 55 

30 V9=EZ3(Y.T0T)-EZ3(Z,I0T) YZ3 66 
RETURN YZ3 67 

68 
69 

31 IF(Y-.3)7,8.8 YZ3 
8 (F(Y-3.16)20,20,21 YZ3 

20 M=0.633^(7.89-Y) YZ3 70 
Y Z 3 71 

21 M=L+6.2/Y Y^3 72 
GO TO 22 YZ3 73 

7 V9 =XC^ EXP(-18.2^Y) YZ3 74 
M=4 YZ3 75 
lF(Z-.3)9,22,22 • YZ3 76 

9 V9 =V9 -XC^ EXP(-18.2*Z) YZ3 77 
22 DO 1 1=1,M YZ3 78 

V9 =V9 +WW3(I)^( EXP( Y^GX3(I)) - EXP( Z*GX3d))) YZ3 79 
1 CONTINUE YZ3 80 
2 RETURN YZ3 81 

END YZ3 82 
SUBROUTINE YZ4 YZ4 1 
COMMON/E/NUCLID(20).UFGP,V(25),EXDU,UMAX(20,25) ,P1 (20,25), YZ4 2 

X PS(20,2 5),SUURCE(30),SDD,ACS,FCS,SCS,PHIT0T,PHIT,ACSGP,FCSGP,YZ4 3 
X SCSGP,RAP.SIGABG(20,30),SIGFBG(20,30),SIGS8G(20,30),0S1(20), YZ4 4 
X 0SMAX(20),ALP(20.25),SCL(20.30),DSL(20),DPS(20),BSQ(25) YZ4 5 
COMMON/QW/REZ,AIMZ,REW,AIMW, TR(62,62),TK62,62) YZ4 6 
CUMMUN/A/ F1V,SL(20,30), TEST, SIGP(20,30),XZETA(20,30). YZ4 7 

XSA(20,3O),SF(20,3O),SS(20,30),DEN(2O,3O),G(300),GN(300),GF(300). YZ4 8 
X GR(300).ER(300),XRES(300),SIGZ(300),GAMMA(300),SIGIN(300), YZ4 9 
X SIGMIN(300), SIG(30), YZ4 10 
X SIGA22(20),SIGF22(20). XN,XC .ETCT,TOT 3,WORK(60),P(30) YZ4 11 
COMMON/e/ OIGP, CR(30),RAD(35),YZ4 12 

X RATIO(30),DIFX(30), SPP(30),SPN(30), YZ4 13 
X AREA(35), FLOX(30,100),FLOXCP(30,100),SCAT(40000), YZ4 14 
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XTAB(662).TQT,TT(60.5). AF(30.5),FF(30,5), 
X V11,V12,V13,SSF(30,5).USTR(25).DUSTR(25) 
COMMON/C/ 
X XAREAT.AREAT,RMAX(30). 
X ENGP(1001),RI AC(20,30),RIFC(20,30).RISC(20.30).TEMP(30), 
X XTEMP(30), PHICT(30),PHI(30),PFLUX(30),YZ4 
XSIGTR(30),BARMU(30), AMU(20),SIGPUT(20).AREAC(30),XAREAC(30). 
XGX2(10).GW2(10),WW2(10). 
X DR(30).XAREA(30),PHIRT(30). GX3(10),GX4(10),GH3(10), 
X GW4d0).WW3d0).WW4d0).Vl,V2,V3,V4,V5.V6,V7,V8.V9,V10 
CUMMON/D/Kl,KRES,NTEMP,INCLUD(300), 

X NEXT(20),LAST(20),NRES(20),INDEX, KS. 
X NU.NOPT,ISYM(30) ,1II,KFOIL.KREG,KMAT,KCOMP,KGP,KBG,NPRI NT,MORE, YZ4 
X IBGP,IFGP.IBG,JBG.NIB(25).NINT(30).MINK30).LREG(35).NX(30). 
X NFI(25).TITLEI18),KB ,MULT(20,25),JNU(20),JMULT(20), 
X INUK20.25) .INUF(20,25) . NOX . N I SO , KBSQ 
REAL^B NUCLID 
REAL*8 UFGP, V. E XUU. UM AX, DS LOSMAX, SOURCE, SDD, AC S,FCS,SCS, PHI TOT, 
X PHIT.ACSGP.FCSGP.SCSGP.RAP,SIGABG,SIGFBG,SIGSBG,PI,PS,ALP,DSL 
REALMS DPS 
EQOIVALENCE (V3, Y).(V4, DEL) 
V10=0. 
IFIDEL-.01)11,11.15 

U Q=Y+0.5^0EL 
DEL2=.041666666T^DEL^OEL 
DO 12 1=1,4 
W=GX3(1)^GX3(I)^DEL2 
VI0=V10 + WW3( I )^(1.+W*d. + .0125*H))^ EXP(C^GX3( I)) 

12 CONTINUE 
lF(U-.3)13,14,14 

13 V10=V10+XC^ EXP(-18.2*Q) 
14 V10=V10*DEL 

RETURN 
15 Z=Y+DEL 

IF(T0T-.3)3,3,4 
3 V10=EZ4(Y.T0T)-EZ4(Z,T0T) 

RETORN 
4 IF(Y-3.64)20,20,21 
20 M=0.549^(9.10-Y) 

GO TO 22 
21 M=l.+6.81/Y 
22 DO 1 1=1,M 

V10=V10 + WW4d)*( EXP( Y^GX4(I)) - EXP( Z*GX41I))) 
1 CONTINUE 
2 RETURN 

END 
SUBROOTINE XSECTdERR) 
COMMON/E/NUCLID(20),UFGP,V(25),EXDU.UMAX(20.25).P1(20,25), 
X PS(20,2 5),SOORCE(30).SDD.ACS.FCS,SCS,PHI TOT,PHIT,ACSGP,FCSGP,XSE 
X SCSGP,RAP,SIGABG(20,30),SIGFBG(20,3O),SIGSBG(20,30),DSl(20), 
X DSMAX(20),ALP(20,25).SCL(20,30),DSL(20),DPS(20),8SQ(25) 
COMMON/QW/REZ,AIMZ,REW,AIMW, TR(62,62),TI(62,62) 
COMMON/A/ F1V,SL(20,30), TEST. SIGP(20,30),XZETAI20,30) , 
XSA(20,30),SF(20,30),SS(20,30),DEN(20,30).G(300),GN(300),GF(300), 
X GR(300),ER(300),XRES(300),SIGZ(300),GAMMA(300),SIGIN(300), 
X SIGMINOOO), SIG(30), 
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X SIGA22(20),SIGF22(20), XN,XC,ETOT,T0T3,WORK(60),P(30) 
COMMON/8/ UIGP. CR(30),RAD(35).XSE 
X RAT10(30),DIFX(30). SPP(30 ) .SPN(30), 
X AREA(35), FL0X(30,100),FL0XCP(30,100),SCAT(40000), 
XTAB(662),TOT,Tr(60,5), AF(30,5),FF(30,5), 
XV11,V12,V13.SSF(30,5),USTR(25),DUSTR(25) 
COMMON/C/ 
X XAREAT,AREAT,RMAX(30) , 
X ENGP(1001),RIAC(20,30),RIFC(20,30),RISC(20,30),TEMP(30), 
X XTEMP(30), PHICT(30),PHI(30),PFLUX(30),XSE 
XSIGTR(30),BARMU(30). AMU(20),S1GPOT(20),ARE AC(30),XAREAC(30), 
XGX2( 10),GW2( 10) ,WW2dO), 
X DR(30),XAREA(30),PHIRT(30), GX3(10),GX4(10) , GW3(10), 
X GW4(10).WW3(10).WW4(10).V1,V2,V3,V4,V5,V6,V7,V8,V9,V10 
COMMON/D/KI,KRES,NTEMP,INCLUOI3C0), 
X NEXT(20),LAST(20),NRES(20),INDEX, KS, 
X NU.NUPT.ISYM(30).Ill,KFOIL.KREG,KM AT,KCOMP,KGP,KBG,NPR I NT,MORE, 
X IBGP,IFGP,IBG,JHG,NIB(25),NINT(30),MINT(30),LREG(35),NX(30), 
X NFK25) ,TITLEd8l ,K8 ,MUL K 20 , 25 ) , JNU ( 20 ) , JMULT ( 20 ) , 
X INUI(20,25),INUF(20,25),NOX,NISO,KBSQ 
REAL^B UFGP,V,EXDU,UMAX,DS1,0SMAX,S00RCE,SDD,ACS,FCS,SCS,PHI TOT, 

X PHIT,ACSGP,FCSGP,SCSGP,RAP,SIGABG,SIGFBG.SIGSBG,PI.PS,ALP 
REAL*8 DSL,DPS,E 
REAL^B NUCLIO 
GO TO (3.10,6,20),INDEX 

3 E = 0 . 5 ^ E N G P ( 1 ) • ( L O + EXDU) 
Z = 0 . 5 ^ V ( I B G ) 
UU 4 J = 1 . I I I 
DO 4 1=1,KMAT 
S A d , J ) = SA( I , J ) ^ F 1 V 

4 S F d , J ) = S F ( I , J 1 * F 1 V 
GO TO 15 

6 E = . 5 ^ E ^ ( E X D U + 1 . - V ( I B G - 1 ) ) 
Z = 0 . 5 ^ ( V d B G )+V( I B G - 1 ) ) 
GO TO 15 

10 E=E^EXDO * 
Z = V ( I B G ) 

15 FDEL = L + . 5 * Z ^ ( l . + . 7 5 ^ Z ^ ( l . + 5 . ^ Z / 6 . ) ) 
GO TO 25 

20 t=E^EXDO 
25 XYZ=1.77246 

IF(N0PT-4)70.71.71 
71 XYZ=0. 
70 DO 40 1=1.KRES 

NOPT GREATER 3 IMPLIES NO INTERFERENCE TERM CHI 
DO 4 0 J = l , N T E M P 
X Z E T A ( I , J ) = X Z E T A d . J ) ^ F O E L 
S A d , J ) = S I G A 2 2 ( I ) 
S F d , J ) = S I G F 2 2 d ) 
S S d , J ) = 0 . 
N = N E X T ( I ) 
L = L A S K I ) 
DO 4 0 K = N , L 
I F ( J - 1 ) 3 0 , 3 0 , 3 5 

30 X R E S ( K ) = X R E S ( K ) ^ F D E L 
35 I F d N C L O D ( K ) - I BGP ) 4 0 , 3 6 , 4 0 
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X=2.*(E-ER(K 
ZETA=GAMMA(K 
A1MZ=.5^ZETA 
KEZ=X+AIMZ 
CALL QUICKW 
PSI=.88623^Z 
CHI=XYZ^ZETA 

39 

40 

45 
50 

90 
92 
92 
100 

60 
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) )/GAMMA(K) 
)^XZE1A(I,J) 

ETA^REW 
• AIMW 

IF (G(K).LT.O.O) GO TO 39 

F=PSI*SIGZ(K 
SAd .J) = SA( I 
SF(I.JI=SF(I 
SSI I.J)=SS(I 
GO TO 40 

CONTINUE 
Fl = PSI + ( 
G02 = GAMMAI 
F2 = PSI + G 
SAd ,J)= SA( 
SFd,J) = SF 
SSd,J) = SS 

) 
,J)+F^XRES(K)*(GF(K)+GR(K) ) 
.J)+F*XRES(K)^GF(K) 
.J)+F»GN(K)+CHI*SIGIN(K) 

GAMMA(K) • CHI/ (4.0 • ER(K))) 
K)/ (2.0 • ERIK) ) 
02 • (CHI + G02 • (1.0-PSI)) 
I.J) + Fl • XRES(K) » SIGZ(K) < 
(I,J) 
(I,J) 

Fl • 
F2 • 

XRES(K) 
SIGZ(K) 

(GR(K) 
SIGZ(K) • GF(K) 
GN(K)/GAMMA(K) 

+GF(K))/GAMMA(K 
/GAMMA(K) 

III 
CONTINOE 
DO 66 M=l 
J=IIl+l-M 
SIG(J)=0. 
SIGTR(J)=0. 
DO 66 1=1.KM 
IF(I-KRES)45 
IF(NTEMP-1)5 
SA(1,J)=UEN( 
SFd .J) = DEN( 
SSI I.J)=0EN( 
GO TO 90 
SAd .J)=DEN( 
SFd .J)=0EN( 
SSK ,J) = DEN( 
IF(SS(I,J)-. 
WRITE (6.100 
CONTINUE 
FORMAT!34H S 
1=.E12.5.7HEN 
SSd ,J)=0.05 
GO TO 65 
SA(I,J) = SA( I 
SF(I,J)=SF(I 
SSd ,J) = SIGP 
SIG(J)=SIG(J 
X=0. 

IF(SSd,J).N 
SIGTR(J)=SIG 
CONTINUE 
RETORN 
END 

AT 
,45,60 
0,50,55 
I,J)^SA(1,1 ) 
l,J)*SF(1,1) 
I.J)^SSd,l) + SIGP( I,J) 

I.J)*SA(I,J) 
I,J)^SF(I,J) 
I,J)^SS(I,J)+SIGP(I,J) 
05D0^SIGP(I,J) )92,65,65 
) I,J.SSII,J),E 

CATTERING CROSS SECTION <.05SIGP, 
ERGY=,E12.5) 
DO^SIGPII,J) 

,J)*FOEL 
,J)^FDEL 
(I,J) 
)+SA(I,J)tSS(I,J) 

E.G.) X=SAd,J)/SS(I,J) 
TR(J)+ (SA(I.J)+SS(I,J))*(X+1. 

4H SS(,I2,1H,I2,2H 

-BARMUd) ) 
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SUBROOTINE RESTES RES 1 
COMMON/E/NUCLID(20),UFGP,V(25),EXDO,UMAX(20,25).PI(20. 25), RES 2 
X PS(20.25),SUURCE(30).SDD.ACS.FCS.SCS,PHI TOT,PHIT,ACSGP.FCSGP.RES 3 
X SCSGP,RAP,SIGABG(20,30),SIGFBG(20,30),SIGSBG(20,30),DS1(20), RES 4 
X DSMAX(20),ALP(20,25),SCL(20,30),DSL(20),DPS(20),BSQ(25) RES 5 
COMMON/gW/REZ.AIMZ.REW,AIMW, TR(62.62).TI(62>62) RES 6 
COMMON/A/ FIV,SL(20.30), TEST, SIGP(20,30).XZETA(20,30), RES 7 
XSA(2O,3O),SF(20,30),SS(20,30),DEN(2O,30),G(300),GN(300),GF(300), RES 8 
X GR(300),ER(300),XRES(300),SIGZ(300),GAMMA(300),SIGIN(300), RES 9 
X SIGMIN(300), SIG(30), RES 10 
X SIGA22(20).SIGF22(20). XN.XC.ETOT,T0T3,WORK(60),P(30) RES 11 
COMMON/B/ UIGP, CR(30),RAD(35),RES 12 
X RAT 10(30),DIFX(30). SPP(30),SPN(30), RES 13 
X AREA(35), FLUX(30,100),FLUXCP(30.100),SCAT(40000). RES 14 
XTABI662).T0T.TT(60,5), AF(30,5),FF(30,5), RES 15 
X V H .V12.V13,SSF(30,5),USTR(25) ,DUSTR(25) RES 16 
CUMMON/C/ RES 17 
X XAREAT.AREAT,RMAX(30) , RES 18 
X ENGPdOOl ),RIAC(20,30),RIFC(20,30),RISC(20,30) ,TEMP(30) , RES 19 
X XTEMP(30), PHICT(30) ,PHK 30),PFLUX( 30),RES 20 
XSIGTR(30),BARMU(30), AMU(20),SIGPOT(20),AREAC(30),XAREAC(30), RES 21 
XGX2(10),GW2(10).WW2(10), RES 22 
X DR(30),XAREA(30),PHIRT(30), GX3(10),GX4(10),GW3(10), RES 23 
X GW4dO) .WW31 10),WW4( 10),V1,V2,V3,V4,V5,V6,V7,V8,V9,V10 RES 24 
COMMON/D/KI,KRES,NTEMP,INCLUD(300), RES 25 

X NEXK20) ,LASK20) .NRES120) .INDEX, KS, RES 26 
X NU,NOPT,ISYM(30),Id,KFOIL,KREG,KMAT,KCOMP,KGP.KBG.NPRINT.MORE. RES 27 
X IBGP,IFGP,IBG,JBG.NIB(25),NINT(30),MINT(30),LREG(35),NX(30), RES 28 
X NFI(25),TITLEIlb).KB ,MOLT(20,25).JNU(20),JMULT(20), RES 29 
X (NUI(20,25),INUF(20,25),NOX,NISO,KBSQ RES 30 
REAL^B UFGP,V,EXDU,UMAX,US1,DSMAX,SOURCE,SDD,ACS.FCS,SCS,PHITOT, RES 31 
X PHIT,ACSGP,FCSGP,SCSGP,RAP,SIGABG,SIGFBG,SIGSBG,PI,PS,ALP,DSL RES 32 
REAL^B UPS RES 33 
REAL^B NUCLID RES 34 
DU 50 1=1,KRES » RES 35 
N=NEXT(I) RES 36 
L=LAST(I) RES 37 
DO 50 J=N,L RES 38 
IF(IBGP-2)5,15,15 RES 39 

5 INCLOD (J)=0. RES 40 
X=2.*(ENGP(1)-ER(J))/GAMMA(J) RES 41 
ZETA=GAMMA(J)*XZETA(1,1) RES 42 
AIMZ=0.5^ZETA RES 43 
REZ=X*AIMZ RES 44 
CALL QUICKW RES 45 
PSI=0.88623*ZETA*REW RES 46 
CHI=1.77246*ZETA^AIMW RES 47 
IF(G(J).LT.0.O) GO TO 6 RES 48 

S-WAVE RES 49 
SIGM=PSI^SIGZ(J)*(GN(J)+XRES(J)^(GF(J)+GR(J))) +CHI^SIGINIJ) RES 50 
GO TO 7 RES 51 

P-WAVE RES 52 
6 F1=PSI+(GAMMA(J)*CHI/(4.0*ER(J))) RES 53 

G02=GAMMA(J)/(2.0*ER(J)) RES 54 
F2 = PSI+G02*(CHI+G02^d.0-PSI ) ) RES 55 
SIGM=SIGZ(J)*(F1*XRES(J)»(GR(J)+GF(J))+F2*GN(J))/GAMMA(J) RES 56 
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7 SIGM= ABS(SIGM) ^^ 58 
I F ( S I G M - T E S T ) 2 b , 1 0 , 1 0 ^ " 

10 INCLUD ( J ) = I B G P ^^^ 5P 
GO TO 2 5 g , . , 

15 I F ( S I G M I N ( J ) - T E S T ) 2 5 , 2 0 , 2 0 ^ " ° ^ 
20 INCLUO ( J ) = 1 B G P ^ ^ 5 ^3 
25 K = I B G P + l „ g j , , 

X = 2 . 0 ^ ( E N G P ( K ) - E R ( J ) ) / G A M M A ( J ) ^ " " 
AIMZ = . 5 * G A M M A ( J ) « SORT ( A M O d ) / ( 3 . 4 6 6 6 8 E - 0 4 » E N G P ( K ) •TEMP( 1 ) ) ) RES 65 

REZ=X*AIMZ III 1° 
CALL QOICKW ^ " ° ' 
Z = L 7 7 2 4 6 ^ A I M Z * R E W ^ " ° ° 
Y = 3 . 5 4 4 9 2 + A I M Z ^ A I M W ^ = ^ ° ^ 

Z = P S I , Y=CHI III 1° 
W= SQRK A B S ( E R ( J ) ) / E N G P ( K ) ) ^ " 71 
IF(G(J).LT.O.O) GO TO 26 ^li- II 

S-WAVE 
SIGMIN(J)=SIGZ(J)*Z+(GN(J)+W^(GF(J)+GR(J))) + Y*SIGIN(J) RES 74 
GO TO 27 III ]l 

P-WAVE '*'=̂  '̂  
26 F1=Z+ GAMMA( J)*Y/(4.0*ER( J) ) '*ES 77 

G02=GAMMA(J)/(2.0*ER(J)) "ES 78 
F2 = Z+G02^(Y + G02^(1.0-Z) ) •'ES 79 
SIGMIN(J) = S1GZ(J)^(H^W^(GR(J)+GF(J) ) + F2*GN( J ) )/GAMMA( J ) RES 80 

27 S1GMIN(J)= ABS(SIGMIN( J ) ) '*Ê  81 
IF(SIGMIN(J)-TEST)35,30.30 RtS 82 

30 1NCLUD( J) = IBGP '̂ ES 83 
GU TO 50 RE^ S* 

35 IF(ENGP(IBGP)-ER(J)150.40,40 RES 85 
40 1F(ENGP(K)-ER(J))45.45,50 RES 86 
45 INCLUD (J)=IBGP "̂ ES 87 
50 CONTINUE f̂ ES 88 

RETURN RES 89 
END RES 90 
SUBROUTINE OUTPUT OOT 1 
C0MM0N/E/N0CLID(20),UFGP,V(25),EXDU,UMAX(20,25),PI(20,25), OUT 2 
X PS(20,25).SOURCE(30).SDD,ACS,FCS,SCS,PHI TOT,PHIT,ACSGP,FCSGP,OUT 3 
X SCSGP,RAP,SIGABG(2O,3O),SIGFBG(2O,30),SIGSBG(2O,30),DSl(20), OUT 4 
X DSMAX(20),ALP(20.25),SCL(20,30),0SL(20),DPS(20),BSQ(25) OOT 5 
CUMMUN/QW/REZ.AIMZ,REW.AIMW. TR ( 62.62).TI(62.62) OUT 6 
COMMON/A/ F1V.SL(20,30), TEST, SIGP(20,30),XZETA(20,30), OUT 7 
XSA(2O,3O).SF(20,3O),SS(2O,3O),DEN[20,3O),G(30O),GN(300),GF(30O), OUT 8 
X GR(300),ER(300),XRES(300),SIGZ(300),GAMMA(300),SIGIN(300), OUT 9 
X SIGMIN(300). SIG(30). OUT 10 
X SIGA22(20),SIGF22(20), XN,XC,ETOT,T0T3,WORK(60),P(30) OUT 11 
COMMON/B/ UIGP, CR(30),RAD(35),00T 12 
X RATI0(30),DIFX(30), SPP(30),SPN(30) , OOT 13 
X AREA(35), FLUX(30,1C0),FLUXCP(30,100),SCAT(40000), OUT 14 
XTAB(662),T0T,TT(60,5), AF(30,5),FF(30,5) , OOT 15 
X Vll,V12,V13,SSF(30,5),0STR(25),D0STR(25) OUT 16 
CUMMUN/C/ OUT 17 
X XAREAT,AREAT,RMAXI30), OOT 18 
X ENGPdOOl),RIAC(20,30),RIFCI20,30),RISC(20,30),TEMP(30), OUT 19 
X XTEMP(30), PHICT(30).PHK30),PFLUX(30),0UT 20 
XSIGTR(30),BARMU(30), AMU(20),SIGPOT(20),AREAC(30),XAREAC(30), OUT 21 
XGX2(10),GW2(10),WW2(10), OOT 22 
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X 0R(3O),XAREA(30) , P H I R K 30) , GX3 ( 10 ) . GX4 ( 10 ) ,G W3 (1 0 ) . 

X GW4( 10),WW3(10),WW4dO),Vl,V2,V3,V4,V5,V6,V7.V8,V9,VIO 
CUMMUN/0/KI,KRES.NTEMP.INCLUOI300), 

X N E X K 2 0 ) , L A S K 2 0 ) ,NRES(20) , INDEX, KS, 
X NU,NOPT,ISYM(30).1 I I,KFOIL,KREG,KMAT,KCOMP,KGP,KBG,NPRI NT,MORE. 
X IBGP,IFGP,IBG,JBG,NIB(25),NINT(30).MINT(30),LREG(35).NX(30). 
X N F K 2 5 ) , T I T L E ( I 8 ) , K B ,MULT ( 20,25 ) , JNU ( 20 ) , JMULT ( 20) . 
X INUI(20,25),INUF(20,25),NOX,NISO.KBSQ 

REAL*8 NUCLIU 
REAL»8 UFGP,V,EXDU,UMAX,DS1,DSMAX,SOURCE,SDD,ACS,FCS,SCS,PHI TOT, 

X PHIT,ACSGP,FCSGP.SCSGP.RAP.SIGABG.SIGFBG,SIGSBG,PI,PS,ALP,DSL 

REAL^B DPS 
DIMENSIUN LLLL(20) 

RAP=RAP+ACSGP^UFGP/SUD 
ZZ=L/NFI (IBG) 
IF([BG-2)1,65,65 

65 IF(JBG-2I70,1,1 
70 W = FLOAT (NFI ( IBG-I) )/FLOAT (NFKIBG)) 

XAREAT=W^XAREAT 
UU 75 1=1,KCOMP 

75 XAREACd )=W^XAREAC( I ) 

DO 80 1=1,KREG 
80 XAREA(I)=W*XAREA(I) 
1 JBGP=IBGP+1 

I F ( N P R I N T ) 2 , 2 , 1 0 
2 WRI IE ( 6 , 1 0 1 ) I B G P , E N G P d B G P ) ,ENGPI JBGP) 

101 F O R M A K 1 H 0 , 2 X , 5 H G R 0 U P , I 4 . E 1 8 . 5 . 6 H EV T O . E 1 2 . 5 . 3 H E V / ) 
W R K E ( 6 , 1 1 0 ) 
AtSGP=ACSGP/PHIT 
FCSGP=FCSGP/PHIT 
SCSGP=SCSCP/PHII 
PHIT=PHIT^XAREAT 
WRITE (6,102) ACSGP.FCSGP,SCSGP,PHIT 

102 F 0 R M A T ( 2 4 X , 4 H C E L L , l b X , 4 D 1 8 . 5 / / l 7 X . H H C O M P O S I T I O N . l O X . 8 H M A T E K I A L ) 
UO 5 1=1,KCOMP » 
Z Z = F L U X C P ( I , N U ) ^ X A R E A C ( I ) 
WRITE ( 6 , 1 0 3 ) I , Z Z 

103 F 0 R M A T ( 2 6 X , I 2 , 7 2 X . E 1 8 . 5 ) 
UO 5 J=1,KMAT 
ZY = 0 . 
IF(DEN(J,I))16,5,16 

15 ZY=1./(DEN(J,I)^FLUXCP(I,NU)) 
17 SIGABG I J,I)=ZY^SIGABG (J,I) 

SIGFBG (J,I)=ZY^SIGFBG (J,I) 
SIGSBG (J,I)=ZY*SIGSBG (J,I) 
WRITE (6,1104) NUCLIDIJ),SIGABG(J,I).SIGFBGIJ.I),SIGSBG(J,I) 

5 CUNTINUE 
1104 F0RMAT(40X,A6.3018.5) 

104 F0RMAT(4H RA=,E12.5,5X,3HRF=,E12.5,4X,A6,3618.5) 
10 IF(JBG-NIB(IBG))15,20,20 

15 JBG=J8G+1 
GO TO 60 

20 LBGP=JBGP-NIB(IBG) 

XNIB=NIB(IBG) 
WRITE(6,105)(TITLEII),I=I,18),IBG,ENGP(L8GP),ENGP(JBGP) 

105 FORMAT(1H1,2X,18A4///20X,23HSUMMARY FOR BROAD GROUP,13, 5X, 
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X E12.5.6H EV TU,E12.5,3H EV//) 
WRITE (6,110) 

110 FURMAI(21X.7HAVERAGE,29X,7HSIGMA A,11X,7HSIGMA F,1IX,7HSIGMA S. 

X14X.4HFLUX/) 
ACS=ACS/PHITUT 
FCS=FCS/PHITOT 
SCS=SCS/PHITOr 
PHII0T=PHIT0T*XAREAT/XNI6 
WRITE (6,102) ACS,FCS,SCS,PHITOT 
DO 25 1=1,KCOMP 
ZZ = PHICT(I)•XAREACI I)/XNIB 
WRITE (6,103) I,ZZ 
00 25 J=1,KMAT 
ZY=0. 
IF(DEN(J,I))27,25,27 

27 ZY=L/(UEN(J,I)*PHICT(I ) ) 

28 RIACIJ,I )=ZY^RIAC(J.I ) 
RIFC(J.I) = ZY^RIFC(J,I ) 
RISC(J,I)=ZY^RISC(J.I ) 
RA = RIAC(J.I )^ZZ^OIGP*NIBdBG) 
RF=RIFC(J,I)^ZZ*OIGP»NIB(IBG) 
W R K E (6,104) RA,RF.NUCLID(J),RIAC(J,I) ,RIFC( J,I ) ,RISC(J,I ) 

25 CONTINUE 
W R K E (6.111) RAP 

111 FORMAT(////10X.35HCOMULATIVE ABSORPTION PROBABILITY =.013.6) 
MIN=1 
MNO=KREG 

26 MAX = MINO (MN0.16) + M N - 1 
W R K E (6,106) 1BG,(NX( I ) .I=MIN,MAX) 

106 FURMAT(1H1.//20X,50HREGIUNAL INTERMEDIATE GROUP FLUXES FOR BROAD GOUT 
XK0UP,I4, //9X,5HL0WER,/,16X.16I6) 

WRITE (6,107) (LREG(I),I=MIN,MAX) 
107 FORMAT(3X,10HENERGY(EV)./,16X,16I6) 

00 35 I=LBGP,IBGP 
MM=I+1 
M = d - 1 ) / 1 0 0 
N=I-100^M 
DO 30 J=MIN,MAX 

30 LLLL(J)=XAREA(J)^FLUX(J,N)*10000.+ 0.5 
35 WRITE ( 6 , 1 0 8 ) I , E N G P I M M ) , ( L L L L ( J ) , J = M I N , M A X ) 

108 FORMATdH , I 4 , E 1 2 . 5 , 16 I 6 ) 
DO 4 0 I=M1N.MAX 

40 L L L L ( I ) = 1 0 0 0 0 . * X A R E A d ) • P H IRT ( 1 ) / X N I B + 0 . 5 
WRKE ( 6 . 1 0 9 ) ( L L L L d ) . I = M I N , M A X ) 

109 FORMATdH , 2 X , 7 H A V E R A G E , 7 X , 1 6 1 6 ) 
I F ( K F O I L ) 5 0 , 5 0 . 2 1 0 

210 Z Z = 1 . 0 / I N I B I I B G ) * N F K IBG) ) 
UO 42 K = 1 , K F C I L 
00 4 1 1=1,KREG 
A F d . K ) = AF( I . K ) ^ Z Z 
SSFI I , K ) = S S F ( I , K ) * Z Z 

4 1 F F d . K ) = F F ( I , K ) * Z Z 
W R K E ( 6 , 1 2 0 ) K. d . AF ( l . K ) , F F d , K ) , S S F d , K ) , 1 = 1 , KREG) 

120 F D R M A T ( / / / , 5 H F O I L , 1 3 , / , 
H O H INTERFACE, I I H R A ( F ) , 3 X , 7 H R F ( F ) , 4 X , 7 H R S ( F ) 
2 / ( 4 X , I 2 , 4 X , 3 E 1 2 . 5 » ) 
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42 CONTINUE 
50 PHIIOT=O.OD0 

ACS=O.ODO 
FCS=0.ODO 
SCS=O.ODO 
DO 53 1=1,KREG 

53 PHIRTII)=0. 
00 55 1=1,KCOMP 
PHICT(I)=0. 
UO 55 J=1,KMAT 
RIAClJ,I)=0. 
RIFCIJ,I)=0. 

55 RISC(J,I)=0. 
1BG=IBG+1 
JBG=l 
DO 56 1=1,KREG 
UO 56 K=1,KFLIL 
AF( I ,K)=0. 
FF( I ,K)=0. 

56 CONlINOE 
60 RETURN 

END 
SUBROUTINE XTRAP 
COMMON/E/N0CLID(20),UFGP.V(25).EXOO,UMAX 
X PS(20,25),SOURCE(30),SUD.ACS.FCS.SC 
X SCSGP,RAP,SIGABG(20.30),SIGFBG(20.30).S 
XOSMAX(20),ALP(20.25).SCL(20,30),DSL(20) 
COMMON/QW/REZ,AIMZ,REW,AIMW, TR(62,62) 
COMMON/A/ FIV,SL(20.30). TEST, 
XSA(20,30),SF(20.30),SS(20.30).DEN(20.30) 
X GR(300).ER(300).XRES(300),SIGZI300) , 
X SIGMIN(300), SIG(30 
X SIGA22(20),SIGF22(20), XN,XC,ET 
COMMUN/B/ UIGP, 
X RATI0(30),D[FX(30), SPP(30 
X AREA(35), FLUX(30,100),FLUXC 
XTAB(662),T0T,TT(60,5), 
X VH,V12,V13,SSF(30,5),USTR(25),DUSTR(25 
CUMMON/C/ 
X XAREAT,AREAT,RMAX(30) , 
X ENGP(1001),RIACI20,30),RIFC(20,30),R 
X XTEMP(30), PH 
XSIGTR(30),BARMU(30), AMU(20),SIGPOT(20 
XGX2(10),GW2(10),WW2(10), 
X 0R(30),XAREA(30),PHIRT(30), GX 
X GW4(10).WM3(10),WW4(10),V1,V2,V3,V4, 
COMMON/D/KI,KRES,NTEMP,INCLUOI300), 

X NEXT(20),LAST(20),NRES(20),INDEX, KS 
X NO,NOPT,ISYM(30),I I I,KFOIL,KREG,KMAT,K 
X IBGP,IFGP,IBG,JBG,NIB(25),NINT(30),MIN 
X NFI(25),TITLE(18),KB ,MULT(20,25) 
X INUI(20,25).INUFI20,25),NOX.NISO,KBSQ 
REAL •a UFGP, V,EXUU,UM AX, DS LOSMAX, SOURCE 

X PH I T,ACSGP,FCSGP,SCSGP,RAP,SIGABG,SIGF 
REAL^B DPS 
REALMS NOCLID 

(20,25),P1(20,25), 
S, PHI TOT,PHIT,ACSGP,FCSGP 
IGSBG(20,30),0S1(20), 
,DPS(20),BSQ(25) 
,TII62,62) 
SIGP(20,30),XZETA(20,30), 
.G(300),GN(300).GF(300). 
GAMMA(300),SIGINI300), 
), 
0T,T0T3,WORK(6O),P(30) 

CR(30),RAD(35) 
),SPN(30), 
P(30,100),SCAT(40000), 

AF(30.5).FF(30.5). 
) 

ISC(20,30),TEMP(30), 
ICT(30) ,PHK30),PFLOX(30) 
), AREAC(30),XAREAC(30), 

3(10),GX4(10),GW3(10), 
V5,V6,V7,V8,V9,VI0 

COMP,KGP,KBG,NPRI NT,MORE, 
T(30),LREG(35),NX(30), 
,JNU(20),JMULT(20), 

,SDD,ACS.FCS.SCS,PHI TOT, 
BG,SIGSBG,PI,PS,ALP,DSL 
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EQUIVALENCE (X.Vl) JJJ H 
V 7 = 0 . *^ XT 37 (FIX-.3)5.6,6 *' I' 

5 V7 = XC^ E X P ( - 1 8 . 2 ^ X ) XT JB 
M=4 
GO TO 22 ĵ I * ° 

6 IF(X-3.16)20,20,21 *' 2, 
20 M=0.633^(7.89-X) *!. y^ 

GO TO 22 JI II 
21 M=l.+6.2/X J' 7* 
22 DO 1 1=1,M J' J l 

V7 =V7 +WW3(I)^ EXP( X^GX3(I)) XT 46 
1 CONTINUE "^ *^ 
2 RETURN "' *8 

END XT 49 
SUBROUTINE XTRAP4 XT4 1 
COMMON/E/NUCLIC(20),UFGP,V(25),EX0U.UMAX(20.25).PI(20,25) , XT4 2 
X PS(20,25),SOORCE(30),SDD,ACS,FCS,SCS,PHI TOT,PHIT,ACSGP,FCSGP,XT4 3 
X SCSGP.RAP.SIGABG(20,30),SIGFBG(20,30),SIGSBG(20,30),DSK20), XT4 4 
X DSMAX(20).ALP(20,25).SCL(20,30),OSL(20),DPS(20).BSQ(25) XT4 5 
C0MM0N/CW/REZ.AIMZ,REW,A1MW, TR(62,62),TI(62,62) XT4 6 
COMMUN/A/ F1V,SL(20.30). TEST. SIGPI 20,30),XZETA(20,30), XT4 7 
XSA(2 0,30),SF(20,3O),SS(2O,3O),DEN(2O,30),G(3OO).GN(3O0),GF(30O), XT4 8 
X GR(iOO),ER(300),XRES(300),SIGZ(300),GAMMA(300),SIGIN(300). XT4 9 
X SIGMIN(300), SIG(30), XT4 10 
X SIGA22(20),SIGF22(20), XN,XC,ETOT,TOT 3,WORK(60),P(30) XT4 11 
COMMON/B/ UIGP, CR(30),RAD(35),XT4 12 
X RATI0(30),DIFX(30), SPP(30),SPN(30), XT4 13 
X AREA(35), FLUX(30.100),FLUXCP(30,100),SCAT(40000). XT4 14 
XTAB(662).I0r.TT(60.5), AF(30,5),FF(30,5) , XT4 15 
X V11,V12,V13,SSF(30,5).USTR(25).DUSTR(25) XT4 16 
COMMON/C/ XT4 17 
X XAREAT.AREAT.RMAX(30) . XT4 18 
X ENGPdOOl).RIAC(20.30).RIFC(20.30).RISC(20,30),TEMP(30) , XT4 19 
X XTEMP(30), PHICT(30),PHI(30),PFLUX(30),XT4 20 
XSIGTR(30),BARMU(30) , AMU(20),SIGPOT(20),AREAC(30),XAREAC(30), XT4 21 
XGX2(10),GW2(10),WW2(10), XT4 22 
X UR(30),XAREA(30),PHIRT(30) , GX3(10),GX4(10),GW3(10), XT4 23 
X GW4(10),wW3dO) ,WW4( 10) ,Vl,V2,V3,V4.V5,V6,V7,V8,V9,V10 XT4 24 

C O M M O N / U / K I , K R E S . N T E M P , I N C L U D ( 3 0 0 ) , XT4 25 
X N E X T ( 2 0 ) , L A S T ( 2 0 ) , N R E S ( 2 0 ) , I N D E X , K S , XT4 26 
X NU.NOPT,ISYM(30) . Ill,KFOIL.KREG,KMAT,KCOMP,KGP,KBG,NPRINT,MORE, XT4 27 
X IBGP,IFGP,IBG,JBG,NIB(25),NINT(30),MINT(30),LREG(35),NX(30), XT4 28 
X NFK25),TITLEd8),K8 .MULT ( 20 ,25 ) , JNU ( 20 ) , JMULT ( 20 ) , XT4 29 
X INUK20,25).INUF(20.25).NOX,NISO,KBSQ XT4 30 
REALMS UFGP,V,EXDU,UMAX,DSLDSMAX,SOURCE,SDD,ACS,FCS,SCS,PHITOT, XT4 31 

X PHK,ACSGP,FCSGP,SCSGP,RAP,SIGABG,SIGFBG,SIGSBG,PI,PS,ALP,DSL XT4 32 
REAL^B DPS XT4 33 
REAL^B NUCLIO XT4 34 
EQUIVALENCE (X,V2) XT4 35 
V8=0. XT4 36 
IF(X-3.64)20,20.21 XT4 37 

20 M=0.549^(9.10-X) XT4 38 
GU TU 22 XT4 39 

21 M=l.+6.8l/X XT4 40 
22 DO 1 1=1.M • XT4 41 
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1 V8 =V8 +WW4(I)* EXPI X^GX4d)) 
2 RETURN 

END 
FUNCTION E3(X) 
COMMON/E/NUCLID(20),UFGP,V(25),EX0U,UMAX(20,25),PI(20,25), 
X PS(20,25),S0URCE(30),SDD,ACS,FCS,SCS,PHIT0T,PHIT,ACSGP,FCSGP,E3 
X SCSGP,RAP,SIGABG120,30),SIGFBG(20,30),SIGSBG(20,30).DSI(20), 
X DSMAX(20),ALP(20,25),SCL(20,30),DSL(20),DPS(20),BSQ(25) 
CUMMUN/QW/REZ,AIMZ,REW,AIMW, TR(62,62),TI(62,62) 
COMMON/A/ F1V,SL(20,30), TEST, SIGP(20,30),XZETA(20,30), 
XSA(20.30).SF(20,30),SS(20,30),DEN(20,30),G(300),GN(300),GF(300), 
X GR(300),ER(300),XRES(300),SIGZI 300),GAMMA I 300).SIGIN(300). 
X SIGMIN(300), SIG(30), 
X SIGA22(20),SIGF22(20), XN,XC,ETOT,T0T3,WORK(60),P(30) 
COMMON/b/ UIGP, CR(30),RAD(35),E3 
X RATIO(30),DIFX{30). SPP(30),SPN(30), 
X AREA(35), FL0X(30,100),FLUXCP(30,100),SCAT(40000), 
XTAB(662),10T.TT(60,5), AF(30,5),FF(30,5), 
X VH,V12,VI3,SSF(30,5),USTR(25),DUSTR(25) 
COMMON/C/ 

X XAREAT,AREAT,RMAX(30) , 
X ENGP(1001),RI AC(20,30),RIFC(20,30),RISC(20,30),TEMP(30), 
X XTEMP(30). PHICTI30),PHI(30),PFLOX(30).E3 
XSIGTR(30).BARMU(30), AMU(20),SIGPOT(20),AREAC(30).XAREAC(30). 
XGX2( I0).GW2( 10).WW2(10). 
X DR(30),XAREA(30),PHIRT(30), GX3( 10),GX4(10),GW3(10), 
X GW4(10),WW3(10).WW4(10).V1,V2,V3,V4,V5,V6,V7,VB,V9,V10 
COMMON/D/KI,KRES,NTEMP,INCLOD(300), 
X NEXT(20) ,LASK20) ,NRES(20) ,INDEX, KS, 
X NU,NOPT, ISYM(30), I I I,KFOIL,KREG,KMAT,KCOMP.KGP.KBG.NPRI NT.MORE. 
X IBGP,IFGP,1BG,JBG,NIB(25),NINT(30),MINT(30),LREG(35),NX(30), 
X NFI(25),TITLE(18),KB ,MULT(20,25),JNU(20),JMULT(20), 
X INUI(20,25),INUFI20,25),NOX,NISO,KBSQ 
REAL^B NUCLID 
REAL^B UFGP, V.EXOU. UMAX, DSLDSMAX, SOURCE, SDD, ACS. FCS. SCS, PHI TOT, 

X PHIT, ACSGP, FCSGP, SCSGP, RAP, SIGABG, SI GFBG, SI GSBG, P L PS, ALP, DSL 
REALMS DPS 
IF(X-2.)70,70,30 

30 IF(X-4.)71,71.31 
31 IF(X-6.4)111.HI.160 

160 D=(X+3.)^^2. 
E3= EXP(-X)^(l. + (3./D)^d. + (3.-2.^X)/D))/(X + 3.) 

ERROR IS 1/30 PERCENT OR LESS 
RETORN 

70 xx=ioo.^x+i 
NFOEL=XX 
F1=XX-NFDEL 
E3=TA8(NF0EL)+(TAB(NFDEL+1)-TAB(NFDEL))+Fl 
RETURN 

71 XX=50.^X+101 
NF0EL=XX 
F1=XX-NF0EL 

112 E3=TAH(NFDEL)+(TAB(NFDEL+1)-TAB(NF0EL))*F1 
RETURN 

111 XX=X«12.5+251 
NFDEL=XX 
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Fl=XX-NFDEL 
GO TO 112 
END 
FONCTION E4(X) 
C0I'M0N/E/N0CLID(20) . UFGP , V ( 25 ) , EXDU, UMAX ( 20 , 25 ) , P 1 ( 20 , 25 ) , 
X PS(20,25),SOORCE(30),SOD,ACS,FCS.SCS.PHI TOT,PHIT,ACSGP,FCSGP,E4 
X SCSGP,RAP,SIGABG(20,30),SIGFBG(20,30),SIGSBG(20.30),DS1(20). 
XDSMAX(20),ALP(20,25),SCL(20,30).OSL(20).DPS(20).BSg(25) 
CUMMON/QW/REZ,AIMZ.REW,AIMW. TRI 62,62).TI(62.62) 
COMMON/A/ F1V,SL(20,30), TEST. SIGP(20,30),XZETA(20,30), 
XSA(20,30).SF(20.30).SS(20,30),DEN(20,30),G(300),GN(300),GF(300), 
X GR(3OO).ER(3OO),XRES(3OO),SIGZ(3OO),GAMMA(300),SIGIN(30O). 
X SIGMIN(300), SIGI30). 
X SIGA22(20),SIGF22I20), XN,XC,ETOT,T0T3,W0RK(60),P(30) 
COMMON/B/ UIGP, CR(30),RAD(35).E4 
X RAT10(30),DIFX(30), SPP(30).SPN(30), 
X AREA(35). FLOX(30.100),FLOXCP(30,100),SCAT(40000) , 
XTAB(662),T0I,TT(60,5), AF(30,5),FF(30,5), 
X VILV12.V13.SSF(30,5),0STR(25) ,0USTR(25) 
COMMON/C/ 
X XAREAT,AREAT,RMAX(30), 
X ENGP(1001),RI AC(20,30),RIFC(20.30),RISC I 20,30),TEMP(30). 
X XTEMP(30). PHICTI30).PHI(30),PFLUX(30),E4 
XSIGTR(30),BARMU(30), AMU(20) , SIGPOT ( 20),AREAC(30).XAREAC(30). 
XGX2(10),GW2(I0),WW2(10). 
X UR(30).XAREA(30).PHIRTI 30), GX3(10),GX4(10),GW3(10), 
X GW4d0) ,WW3dO) ,WW4(10) ,V1,V2,V3,V4,V5,V6,V7,V8,V9,V10 
COMMON/O/KI,KRES,NTEMP,INCLUOI300), 
X NEXI(20),LAST(20),NRES(20),INDEX, KS, 
X NU,NOPT,ISYM(30), I I I,KFOIL,KREG,KMAT,KCOMP,KGP,KBG,NPRI NT,MORE, 
X IBGP,IFGP,IBG.JBG,NIB(25).NINT(30),MINT(30),LREG(35),NX(30), 
X NFI(25),TITLE(18),KB ,MULT(20,25),JNU(20),JMULT(20), 
X INUI(20,25).INUF(20,2 5).NUX,NISO,KBSQ 
REALMS UFGP,V,EXDU,UMAX,OSl.DSMAX.SOURCE.SDD,ACS,FCS,SCS,PHI TOT, 
X PHIT,ACSGP,FCSGP,SCSGP,RAP,SIGABG.SIGFBG,SIGSBG,PI,PS,ALP.DSL 
REAL^B DPS 
REAL+8 NUCLID 
IF(X-2.)70,70,30 

30 IF(X-4.)71,71.31 
31 lF(X-6.4)111,111,160 
160 D=(X+4.)**Z. 

E4= EXP(-X)^(L + (4./D)^d. + (4.-2. + X)/D))/(X+4.) 
RETURN 

ERROR IS 1/30 PERCENT OR LESS 
70 XX=100.^X+332 

NFOEL=XX 
F1=XX-NF0EL 
E4=rAB(NFDEL)+(TAB(NFOEL+l)-TAB(NFDEL))^F1 
RETORN 

71 XX=50.*X+432 
NFDEL=XX 
F1=XX-NFDEL 

112 E4 = TAB(NF0EL) + dAB(NFDEL+l)-TAB(NFDEL) )*F1 
RETURN 

H I XX=X^12.5+582 
NF0EL=XX * 
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F1=XX-NFDEL E4 54 
GO TO 112 E4 55 
END E4 56 
SOBROOTINE TABLE TAB 1 
COMMON/E/NOCLID(20),UFGP,V(25),EXDU.UMAX(20.25).PI(20.25). TAB 2 

X PS(20,25),SOURCE(30),SCO,ACS,FCS,SCS,PHI TOT,PHIT,ACSGP,FCSGP,TAB 3 
X SCSGP.RAP,SIGABG(20,30).SIGFBG(20,30).SIGSBG(20,30),0S1(20), TAB 4 
X DSMAX(20),ALP(2O,25),SCL(20.30),DSL(20).DPS(20).BSQ(25) TAB 5 
COMM0N/gW/REZ,AIMZ,REW,AIMW, TR(62,62),TI(62,62) TAB 6 
CUMMON/A/ F1V,SL(20.30), TEST, SIGPI 20,30),XZETA(20,30), TAB 7 
XSA(20,30),SF(20,30),SS(20,30),DEN(20,30),G(300),GN(300),GF(300), TAB 8 
X GR(300),ER(300),XRES(300),SIGZ(300).GAMMA(300).SIGIN(300). TAB 9 
X SIGMIN(300), SIG(30), TAB 10 
X SIGA22(20),SIGF22(20), XN,XC,ETOT,T0T3,WORK(60),P(30 ) TAB 11 
COMMON/B/ UIGP. CR130).RAD(35).TAB 12 
X RAT10(30),OIFX(30), SPP(30),SPN(30), TAB 13 
X AREA(35), FLUX(30,100),FLUXCP(30,100),SCAT(40000), TAB 14 
XTAB(662),T0F,TT(60,5), AF(30.5).FF(30,5), TAB 15 
X VH,V12.V13,SSF(30,5) ,USTR(25) ,DUSTR(25) TAB 16 
COMMUN/C/ TAB 17 

X XAREAT,AREAT,RMAX(30) , TAB 18 
X ENGPdOOl),RIAC(20,30),RIFC(20,30),RISC(20,30),TEMP(30), TAB 19 
X XTEMP(30), PHICTI3O),PHII30),PFLUX(30),TAB 20 
XSIGrR(30),BARMU(30). AMU(20).SIGPOT(20).AREAC(30),XAREAC(30), TAB 21 
XGX2(10),GW2(10),WW2(10), TAB 22 
X UR(30I.XAREA(30).PHIRI(30). GX3(10),GX4(10),GW3(10), TAB 23 
X GW4( 10) ,V.W3( 10) ,WW4( 10) ,VLV2,V3,V4,V5,V6,V7,V8,V9,V10 TAB 24 
CUMMON/U/KI,KRES.NTEMP.INCLUD(300), TAB 25 
X NEXT(20).LAST(20).NRfcS(20),INDEX, KS, TAB 26 
X NU.NOPT,1SYM(30).I II.KFOIL.KREG,KMAT,KCOMP,KGP,KBG,NPRINT,MORE. TAB 27 
X IBGP,IFGP,IBG,JBG,NIB(25),NINTI30),MINT(30),LREG(35),NX(30), TAB 28 
X NFI125),TITLE(18),KB ,MULT(20 ,25),JNU(20),JMULTI 20), TAB 29 
X INUI(20.25).INUF(20.25),NOX,NISO,KBSQ TAB 30 
REALMS UFGP,V,EXDU,UMAX,DSLDSMAX,SOURCE,SDD,ACS,FCS,SCS,PHITOT, TAB 31 

X PHK,ACSGP,FCSGP,SCSGP,RAP,SIGABG,SIGFBG,SIGSBG,PI,PS,ALP,DSL TAB 32 
REAL^B OPS * TAB 33 
REALMS NUCLID TAB 34 
FORM TABLES TAB 35 

1 CO 110 1 = 1 , 3 3 1 TAB 36 
I F d - 2 0 1 ) 4 5 0 , 4 5 0 , 4 0 0 TAB 37 

450 ZZZZ=(I-l)•.01+.000000001 TAB 38 
GO 10 500 TAB 39 

400 IFd-301 )650,650,600 TAB 40 
650 ZZZZ = d-101)^.02 TAB 41 

GO TU 500 TAB 42 
600 ZZZZ=(I-251)^.08 TAB 43 
500 IF(ZZZZ-L 1115,115,120 TAB 44 
115 T A B I D = - . 5 7 7 2 1 5 6 6 + . 9 9 9 9 9 1 9 3 ^ Z Z Z Z - . 2 4 9 9 1 0 5 5 ^ Z Z Z Z * * 2 + . 0 5 5 1 9 9 6 b ^ TAB 45 

I Z Z Z Z * * 3 - . 0 0 9 7 6 0 0 4 ^ Z Z Z Z ^ ^ 4 + . 0 0 1 0 7 8 5 7 ^ Z Z Z Z ^ ^ 5 - A L O G ( Z Z Z Z ) TAB 4 6 
GO TO 116 TAB 4 7 

120 T A B ( I ) = ( E X P ( - Z Z Z Z ) / Z Z Z Z ) ^ ( Z Z Z Z ^ ^ 4 + 8 . 5 7 3 3 2 8 7 4 0 * Z Z Z Z * ^ 3 + TAB 4 8 
1 18.05901697^ZZZZ^^2+8.634760892^ZZZZ+.2677737343)/(ZZZZ^*4+ TAB 49 
2 9.573322345^ZZZZ*^3 +25.63295615^ZZZZ*^2+21.09965308^ZZZZ+ TAB 50 
3 3-958496923) TAB 51 

116 E2= EXP(-ZZZZ)-ZZZZ*TAB(I) TAB 52 
TA8(I)=U.5^I EXP(-ZZZZ)-ZZZZ^E2) TAB 53 
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TAB( 1 + 3 3 1 ) = 0 . 3 3 3 3 3 3 3 3 * 1 E X P ( - Z Z Z Z ) - Z Z Z Z ^ T A B ( I ) ) 
T A B I D IS E3 WHILE T A B ( I + 3 3 1 ) I S E4 

,10 CONTINUE 
RETORN 
END 
FUNCTION EZ3(P,H) 
A = P+H 
Z = A+H 
Z2=Z^Z 

FF2=IH2^H/d260.^Z) )*(2L-H2^(1. + Z^(L+0.5^Z))/Z2) 
EZ3=PE3(P) +PE3(A)+ 

X .08333333333*1 EXP(-Z)•(((4.-2.^Z)/H)+3.-FF2) 
X + E2(Z)^(H-3.+Z+(2.*Z2/H))) 
RETURN 
END 
FUNCTIUN EZ4(P,H) 
Z = P+H 
HZ=H^(H/Z)**2 
EZ4=.08333333333*1 EXP(-Z)^( (3.-Z)/H + 2. 
1 +PE3(Z)*(Z*Z/H+H-2.*Z-HZ/30.))+E4(P) 
RETURN 
END 
FUNCTION E2(e) 
USED BY EZ3 FOR SMALL Q 
DIMENSION A(5) 
DATA 

X A / L , 0 . , - . 5 , . 0 8 3 3 3 3 3 3 3 3 3 , - . 0 1 3 8 8 8 8 8 8 8 9 / 
X = Q + 1 . 0 E - 2 0 
A ( 2 ) = - . 4 2 2 7 8 4 3 3 5 1 + A L O G ( X ) 
E 2 = A ( 5 ) * X 
DO 11 K = L 3 
L = 5-K 
E 2 = ( E 2 + A ( L ) ) * X 

11 CONTINOE 
E2=E2 + A d ) 
RETURN 
END 
FONCTION P E 3 ( S ) 
USED BY EZ3 FOR SMALL S 
DIMENSIUN B ( 7 ) 
DATA 

+ HZ*d , 

1 I « 

B / . 5 , - l . , 0 . , 0 . 1 6 6 6 6 6 6 6 6 7 , - . 0 2 0 8 3 3 3 3 3 3 3 , . 0 0 2 7 7 7 7 7 7 7 7 8 , 
- . 0 0 0 3 4 7 2 2 2 2 2 2 / 

I F ( S - . 6 ) 2 , 1 , 1 
P E 3 = E 3 ( S ) 
RETURN 

E3 TABLES FOR LESS THAN .6 NOT REQUIRED NOW 
=S+1.0E-20 2 X _. 
Bl3)=-(-.9227843351+AL0G(X))/2. 
PE3=B(7)*X 
DO 11 K=L5 
L = 7-K 
PE3=(PE3+B(L))*X 

11 CONTINUE 
PE3=PE3+B(1) 

TAB 
TAB 
TAB 
TAB 
TAB 
EZ3 
EZ3 
EZ3 
EZ3 
EZ3 
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RETURN 

END 
FUNCTION PFUNC(S) 
IMPLICIT REAL*8(A-H,U-Z) 
REAL*4 E3,T 
DIMENSION BIB) 
UATA 

X B/.500,-1.00,0.00..166666666666700.-.0208333333333300, 
X.002 7 77 777777 7 78U0,-.0003472222222222,. CC003968253968D0/ 

IF(S-.6)2.1,1 
1 l = S 

P F U N C = ( . 5 - E 3 d ) )/T 
RETURN 

2 IF(S)3,4,4 

3 S=O.ODO 
4 X=S+1.00-20 

B(3)=-(-.92 27843 350985DO+DLOG(X))*.5D0 
PE3=B(8)*X 
00 II K = L 6 
L = 8-K 

PE3=(PE3+B(L))*X 
11 CONTINUE 

PFUNC=-PE3/X 

RETURN 
END 
SUBRUUTINE SYMI ISYM,OEN,ARE A,KMAT,KREG.LREG) 
DIMENSIUN ISYMI30).LREG(35),DEN(20,30),AREA(35) 

CO 1 l=liKREG 
1 ISYM(I)=0 

K=l 

M=KREG-1 
IF(M)62,62,2 

2 DO 6 0 1=1,M 
I J = I + 1 
00 6 0 J = I J , K R E G 

II = I • 
JJ = J 

10 DO 15 L = I , K M A T 
T I = A R E A ( I I ) * C E N 1 L , L R E G ( H ) ) 
T J = A R E A ( J J ) * C E N ( L , L R E G ( J J ) ) 
I F ( I I - T J ) 1 1 , 15,11 

11 TT=AMAXI(TI,TJ) 
I F d A B S d I-TJ) )/TT-1.0E-6 )15,15,60 

15 CONTINUE 

I F d I-KREG) 30,20,20 
20 11=0 
30 IF(JJ-1)40,40,50 
40 JJ=KREG+1 
50 I 1 = 1 I + l 

J J = J J - 1 
I F d - I I ) 1 0 , 7 0 , 1 0 

70 I S Y M ( K ) = I 
I S Y M ( K + 1 ) = J 
K = K + 2 

60 CONT INOE 
K = K - 1 
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PE3 
PFO 
PFU 
PFU 
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SYM 
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19 

20 
1 
2 
3 
4 
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10 
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19 
20 
21 
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23 
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61 
100 

IF(K)62,62,61 SYM 32 
WRITE(6,100) (ISYM(KK),KK=l,K) SYM 33 
FURMAK/,42H THE FULLOWING PAIRS ARE SYMMETRIC REG IONS , / , ( 20 I 6 ) ) SYM 34 
GO TO 63 SYM 35 

C 

C 

C 

9 

62 WRITE (6,101) SYM 36 
101 FORMAK/,21H NU SYMMETRIC REGIONS) SYM 37 
63 RETURN ,V.-.','> ,̂ 0-̂ -<;V-u.60 ^̂ '̂  ^8 

END 1 ^ f̂O SYM 39 
SUBROUTINE MATINV (A,N,B,M,OETERM,NMAX) MAT 1 

C '',i;i w J ,>,ira„i MAT 2 
C MATRIX INVERSION WITH ACCOMPANYING SOLUTION OF LINEAR EQUATIONS MAT 3 
Q MAT 4 
(;»*•• REMOVE NEXT STATEMENT IN SINGLE PRECISION VERSION MAT 5 
C IMPLICIT REAL^a (A-H,0-Z) MAT 6 

REAL^4 PIVOT MAT 7 
DIMENSION A(NMAX,N),B(NMAX,M) MAT 8 
COMMON /F402/PIV0T(100),INOEXI100) MAT 

C MAT 10 
C INITIALIZE DETERMINANT AND PIVOT ELEMENT ARRAY MAT 11 
C MAT 12 

DETERM = 1.0 MAT 13 
DO 20 l = L N MAT 14 
PIVOT (I) = 0.0 MAT 15 

20 CONTINUE MAT 16 
C MAT 17 
C PERFORM SUCCESSIVE PIVOT OPERATIONS IGRAND LOOP) MAT 18 
C MAT 19 

00 550 1=1,N ' MAT 20 
C MAT 21 
C SEARCH FOR PIVOT ELEMENT AND EXTEND DETERMINANT PARTIAL PRODUCT MAT 22 
C MAT 23 

AMAX = 0.0 MAT 24 
00 105 J=1,N MAT 25 
IF (PIVOK JI.NE.O.O) GO TO 105 MAT 26 
DO 100 K=1,N MAT 27 
IF (PIVOT(K).NE.O.O) GO TO 100 MAT 28 
TEMP = ABS(A(J,K)) MAT 29 
IF (TEMP.LT.AMAX) GO TO 100 MAT 30 
IROW = J MAT 31 
ICOLUM = K MAT 32 
AMAX = TEMP MAT 33 

100 CUNTINUE MAT 34 
105 CUNTINUE MAT 35 

INOEXd) = 4096*IR0WtIC0L0M MAT 36 
J = IROW MAT 37 
AMAX = A(J,ICOLUM) MAT 38 
UETERM = AMAX • DETERM MAT 39 

MAT 40 
C RETURN IF MATRIX IS SINGULAR (ZERO PIVOT) AFTER COLUMN INTERCHANGEMAT 41 
*- MAT 42 

IF (DETERM.EQ.0.0) GO TO 600 MAT 43 
•- MAT 44 

PIVOTdCOLOM) = AMAX MAT 45 
46 
47 

MAT 46 
C INTERCHANGE ROWS TO PUT PIVOT ELEMENT ON DIAGONAL MAT 
*- MAT 48 
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IF ( IROW.EQ.ICOLUM) GO TO 260 
DETERM = -DETERM 
DO 200 K=LN 
SWAP = AIJ,K) 
A(J,K) = A(ICOLUM,K) 
A(ICOLUM.K) = SWAP 

200 CONTINUE 
IF IM.Lfc.O) GU TO 260 
DO 250 K=1,M 
SWAP = B(J,K) 
B(J,K) = BdCOLUM,K) 
B(ICOLOM,K) = SWAP 

250 CONTINUE 

DIVIDE PIVOT ROW BY PIVOT ELEMENT 

260 K = ICOLUM 
A(ICULUM,K) = l.O 
UU 350 K=1,N 
A(ICOLUM,K) = A(ICOLUM,K)/AMAX 

350 CONTINUE 
IF (M.LE.O) GO TO 380 
DO 370 K=1,M 
B d C O L U M . K ) = B d C U L U M . K ) / A M A X 

370 CONTINOE 

REDUCE NON-PIVOT ROWS 
380 CO 550 J=1.N 

IF (J.EQ.ICCLOM) GO TO 550 
T = A(J,ICOLUM) 
A(J,ICOLUM) = 0.0 
DO 450 K = L N 
A(J,K) = A(J,K)-A(ICOLUM,K)*T 

450 CONTINOE 
IF (M.LE.O) GO TU 550 
DO 500 K=1,M 
B(J,K) = B(J,K)-B(ICOLUM,K)*T 

500 CONTINUE 
550 CONTINUE 

; INTERCHANGE COLUMNS AFTER ALL PIVOT 

600 00 710 I = L N 
I I = N + l - I 
K = INDEX!II1/4096 
ICOLUM = INOEXII1)-4096*K 
IF (K.EQ.ICOLUM) GO TO 710 
DO 705 J=1,N 
SWAP = A(J,K) 
A(J,K) = A(J,ICOLUM) 
A(J,ICOLUM) = SWAP 

705 CONTINUE 
710 CONTINUE 

RETURN 
END 

« 

OPERATIONS HAVE 

MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
HAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 

BEEN PERFORMEOMAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
MAT 
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SOBROOTINE QUICKW 
COMMON/QW/AX,Y,REW,A1MW,TR(62,62).TI( 62.62) 
X = AX 
TEST=X*X+Y*Y 
IF (TEST.LT.36. ) GO TO 10 
IF (TEST.LT.144. ) GO TO 2 
IF (TEST.LT.10000. ) GO TO 3 
A1=0.5641896/TEST 
REW=Y*A1 
A1MW=X*AI 
RETURN 

10 AK1 = SIGN(L0,AX) 
X=ABS(AX) 
II=X*10. 
JJ=Y^10. 
1=11+2 
J=JJ+2 
N = J-1 
P=1U.^X-II 
Q=10.*Y-JJ 

15 P2=P*P 
C2=Q*Q 
PQ=P^Q 
HP=.5^P 
HQ=.5*Q 
HQ2=.5*Q2 
HP2=.5*P2 
Al=He2-HQ 
A2=HP2-HP 
A3=1.+PQ-P2-C2 
A4=HP2-PQ+HP 
A5=HQ2-PQ+HQ 
REW=A1*TR(I,N )+A2*TR( I-LJ)+A3*TR( I,J)+A4*TR( I + 1, J )+A5*TR ( I ,J + 1)QKW 
1+PQ»TR(1+1,J+1) 

5 AIMW=AKI*( 
1 A1*TI( l,N )+A2*TI( I-l,J)+A3*TI(I.J)+A4*TI(I + l.J)+A5*TId,J + lQKW 
2)+PU*TI!l+l.J+l) ) 
RETURN 

2 Al=!X+Y)*!X-Y) 
A2=2.*X*Y 
A3=A2«A2 
A4=A1-.2752551 
A5=Al-2.724745 
Dl = .5124242/(A4*A4 + A3) 
D2=.05l76536/( A5*A5+A3) 
D12A2=(D1+D2)*A2 
DA0A=D1*A4+C2*A5 
REW=012A2*X-Y*DADA 

7 AIMW=D12A2^Y+X^DADA 
RETORN 

3 A1=2.^(X+Y)^(X-Y) 
A2=4.*X*Y 
A22=A2*A2 
A4=A1-1. 
A42=A4*A4 
U1=1.1283792/(A42+A22) . 
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50 
51 
52 
53 
54 
55 
56 
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REW=Dl*(A2*X-A4*Y) 
AIMW = L1283 792/(A4*X + A2*Y) 

C SECOND TERM OF THE CONTINUED FRACTION 
A5=A42- 4.*A4-A22-2. 
A52=A5^A5 
A6=A2^(A4+A4-4. ) 
A62=A6*A6 
01= l./(A52+A62) 
Al=l. +(A5+A5)»D1 
A2=D1»(A6+A6) 
REW=REW*Al+AIMW*A2 
AIMW=AIMW*A1-REW*A2 
RETORN 
END 

//L.SYSLMOO 00 0SN=TEMP.AP0RABI0(RABIDA1),0ISP=INEW,CATLG),UNIT=0KTEMP 

//X.FT05F001 DD ODNAME=SYSIN 
//X.FT06F001 00 SYS0U1=A,0CB=!RECFM=FBA,LRECL=132,BLKSIZE=1584), 
/ / S P A C E = d 5 8 4 , ! 6 0 , 6 0 ) ) 
/ / X . F T G 8 F 0 0 1 UD O S N = T E M P . G L G A T R T I . 0 1 S P = S H R , 0 N I T = D K T E M P , 
/ / D C B = I R E C F M = V O , L R E C L = 5 C C , B L K S I Z E = 5 0 C 4 ) , S P A C E = ! T R K , ( 5 , 1 ) ) 
/ / X . S Y S I N DD * 

QKW 
QKW 
QKW 
QKW 
QKW 
QKW 
QKW 
QKW 
QKW 
QKW 
QKW 
QKW 
QKW 
QKW 

57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
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A P P E N D I X D 

S a m p l e P r o b l e m s 

1. D e s c r i p t i o n of P r o b l e m s 

The f i r s t p r o b l e m is the s i m p l e s t p o s s i b l e c a s e : h o m o g e n e o u s , 
one m a t e r i a l , one r e s o n a n c e , and no a b s o r p t i o n (obta ined by s e t t i n g G = 0 
for the r e s o n a n c e , and z e r o b a c k g r o u n d - a b s o r p t i o n c r o s s s e c t i o n ) . P h y s i 
cal ly , the flux m u s t r e m a i n c o n s t a n t a t un i ty . The output i n t e r m e d i a t e -
,-»roup fluxes a r e s ca l ed by 10,000 and rounded to the c l o s e s t i n t e g r a l v a l u e . 

The uni t cel l for the second p r o b l e m c o n s i s t s of two c o m p o s i t i o n s , 
each subdivided into four r e g i o n s . C o m p o s i t i o n 1 i s U, and c o m p o s i t i o n 
is '^C. An inf ini te ly thin ^^'u foil wil l s a m p l e i n t e r f a c e c o n d i t i o n s . 

The t h i r d p r o b l e m is a r e p r e s e n t a t i o n of the c o r e of Z P R - 3 A s s e m 
b l ies 53 and 54. The c o m p o s i t i o n s a r e : 

a. D r a w e r + m a t r i x + m a t r i x -t- d r a w e r 

b. F o u r c a r b o n p l a t e s 

c. Cladding 

d. Z P R fuel p l a t e 

e. Cladding 

f. Six ca rbon p l a t e s 

g. Cladding 

h. SEFOR fuel p l a t e 

i. Cladding 

j . T h r e e ca rbon p l a t e s 

Th i s c a s e is one of a s e r i e s of p r o b l e m s d e s i g n e d to c a l c u l a t e ^'^U c a p t u r e 
r a t e s a c r o s s the cel l at p o s i t i o n s c o r r e s p o n d i n g to t h o s e u s e d in an 
ac t iva t ion-fo i l scan . The ac t i va t i on - fo i l s c a n exper innen t and the p r o 
cedure used to ca l cu l a t e the s c a n wil l now be d e s c r i b e d b r i e f l y wi th a c o m 
p a r i s o n of r e s u l t s . 

In the e x p e r i m e n t s , d e p l e t e d - u r a n i u m foils w e r e i r r a d i a t e d in the 
cell loca t ions as shown in F i g . 3. The foils w e r e counted by a Ge (L i ) 
g a m m a - r a y s p e c t r o m e t e r . The a c t i v a t i o n s w e r e ob ta ined f r o m t h r e e 
g a m m a r a y s (209.8, 228.2 , and 277,6 keV.) wh ich follow the b e t a d e c a y of 

Np. The e x p e r i m e n t a l e r r o r s of +1.5% inc lude a ±0.4% c o n t r i b u t i o n f r o m 
s t a t i s t i c s . 
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Fig. 3. 238u in-cell Capture Rates in ZPR-3 Assemblies 53 
and 54. ANL Neg. No. Id-103-A11290. 

H e t e r o g e n e o u s l y s e l f - s h i e l d e d , 2 3 - e p i t h e r m a l - g r o u p n e u t r o n c r o s s 
s e c t i o n s g e n e r a t e d by MC^ w e r e u s e d by the TESS t r a n s p o r t code in a o n e -
d i m e n s i o n a l , double Si2 ce l l c a l cu l a t i on . The a m p l i t u d e v a r i a t i o n exh ib i t ed 
by t h i s c a l c u l a t i o n w a s c l e a r l y too s m a l l , b e c a u s e the s e l f - s h i e l d i n g of each 
foil w a s i n a d e q u a t e l y accoun ted for . 

E s s e n t i a l l y " e x a c t " c a l c u l a t i o n s of the r e a c t i o n r a t e s in e a c h foil 
w e r e ob ta ined f r o m the i n t e g r a l t r a n s p o r t code RABID. U r a n i u m - 2 3 8 c a p 
t u r e c r o s s s e c t i o n s in the e n e r g y r a n g e f rom 24.8 to 3.35 keV (a span of 
8 MC^ fine g r o u p s , e a c h 0.25 l e t h a r g y uni t wide) w e r e ob ta ined f r o m s t a 
t i s t i c a l l y g e n e r a t e d r e s o l v e d r e s o n a n c e s e q u e n c e s for {&,J) s t a t e s of (-j.O), 
( I , 1), and ( | , 1). The S c h m i d t t abu la t i on was u s e d for both the u n r e s o l v e d 
and the r e s o l v e d r e s o n a n c e p a r a m e t e r s . The r e s o n a n c e s e q u e n c e s w e r e 
c e n t e r e d on each MC^ fine g r o u p . R e s o l v e d ^^°U r e s o n a n c e s w e r e u s e d f r o m 
3.35 keV down to 13.7 eV. R e s o l v e d r e s o n a n c e s for a l u m i n u m , i r o n , c h r o 
m i u m , and n i c k e l w e r e u s e d ove r 24.8 keV to 13.7 eV. Smooth c r o s s s e c 
t i o n s for ^^'Pu w e r e u s e d down to 275 eV, be low which r e s o l v e d r e s o n a n c e 
p a r a m e t e r s w e r e u s e d . S i m i l a r l y , ^^''Pu was accoun ted for by s m o o t h c r o s s 
s e c t i o n s above 130 eV, and r e s o l v e d r e s o n a n c e s be low. F i n e - g r o u p f luxes 
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from an ultrafine-group homogeneous MC^ calculation were used to weight 
the RABID foil reaction ra tes . Above 24.8 keV, the spatial flux was very 
flat the self-shielding of each foil became uniform, and the contribution to 
the total capture rate was about 28%. The RABID calculations are the same 
(to within 0.3%) whether a spatially flat flux is assumed above 24.8 keV, or 
if TESS spatial fluxes are used to weight the foil activations. Also, the con
tribution by neutrons below 13.7 eV is negligible. The amplitude variation 
shown by this calculation would be expected to increase slightly if resonance 
sequences were used above 24.8 keV, but not enough to display the experi
mental variation. 

It is concluded that broad-group t ransport calculations of "̂ U capture 
rates in foils are rather inadequate and that "exact" RABID calculations 
agree fairly well with experiment. Uncertainties in '̂'̂ U resonance pa ram
eters may explain those differences remaining between theory and experi
ment. Also, "scatter'^ in the experimental data indicates that the e r r o r s 
assigned to them may be too small. 



2. Input for Sample Problems 

HOMOGENE 
1 

30 
.0 

300. 
1. 

OUS TEST—NO ABSORPTION OR LEAKAGE. FLUX MUST STAY FLAT. 
1 1 1 30 1 3 1 1 

50 

1 
A-200 

1. 
10000. 

PLATE,F 
8 
5 

0.01 
.001 

293.0 
4 .31 
U 238 

.04 
1245. 
1267. 
1273. 
1299. 
1317. 
1336. 
1393. 
1405. 
1420. 
1428. 
1444. 
14T4. 
1523. 
1546. 
1550. 
1565. 
1623. 

1638. 
1662. 
1688. 
1709. 
1723. 
1756. 
1782. 
1798. 
1808. 
1846. 
1902. 
1917. 
1969. 
1975. 
2024. 
2031. 
2089. 
2097. 
2124. 
2146. 
2153. 

1000. 

200. 

0. 0 

0. 

.01 .01 .00 0. 
OIL EQOIVALENCE THEORY CHECK 1/8 IN 0-238 1 IN C 

2 2 1 5 1 4 1 1 0 
50 

2613.0 0.01 1 1 

8 REGION 

66 

293.0 
4 2.8575 
238. 

0. 
.23 
.027 
.029 
.0036 
.0047 
.0015 
.17 
.082 
.011 
.034 
.023 
.0805 
.21 
.002 
.002 
.0024 
.09 
.0404 
.16 
.07 
.05 
.014 
.07 
.5 

.0021 

.017 

.0133 

.0209 

.0219 

.577 

.467 

.202 

.0496 

.0137 

.0101 

.0046 

.0347 

.1760 

293.0 293.0 
l.OOOE-10 
10.6 

1. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.'0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
,0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 
.0246 0. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
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2172. 
2186. 
2194. 
2201. 
2230. 
2236. 
2242. 
2259. 
2266. 
2281. 
2289. 
2302. 
2316. 
2337. 
2352. 
2 356. 
2393. 
2410. 
2427. 
2446. 
2454. 
2490. 
2521. 
2549. 
2559. 
2581. 
2599. 
2604. 

C 12 
0. 

0 

.0023 

.365 

.002 3 

.113 

.0047 

.0047 

.€014 

.0656 

. 145 

.11 

.0024 

.00096 

.0144 

.00483 

.063 

.0631 

.0112 

.C044I 

.0813 

.111 

.00247 

.0549 

.01 

.34 3 

.217 

.244 

.561 

.0025 
12. 

.075 
U-218 FUILS IN ZPR-

12 
10 

9 
12 

.0008457 
300. 
300. 
300. 

1 .4661 
3 3.9586 

0.012 
U-238 

(. 
C 

20 
.0 
.0 

0.0476 
2.17871E 
2. I7964E 
2.18056E 
2.18149E 
2.18241E 
2.I8334E 
2.18426E 
2.18519E 
2.186HE 
2.18704E 
2.ia796E 
2.18889E 

04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 

10 5 

21967.5 

1 
1 

8 
2. 
1 
4 
9 
5 
2 
2 
7. 
3 
1 

300. 
300. 

1.7361 
3.98908 

238. 
0.0 
0.0 

70641E-04 
60020E-02 
60871E-04 
23203E-03 
03192E-03 
57224E-03 
20094E-03 
IH91E-02 
17102E-03 
26603E-02 
90628E-05 

5.65034E-D2 

•3 

I 
1 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 

.0246 
4.7 
0. 

ASSY 53 
10 1 

O.OOl 
300. 
300. 

1.76658 
4.56312 

10.6 
0.0 

0.0308768 

46000E-02 
.46000E-02 
.46000E-02 
.460COE-02 
.46000E-02 
.46000E-02 
.46000E-02 
.46000E-02 
.46000E-02 
.460COE-02 
.46000E-02 
.46000E-02 

1 
1 

0. 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

C-17 
3 

1 

1 

300. 
300. 

2.02312 
4.5936 

0 
C O 
0.0 
C O 
C 
0 
0 
0 
C 
0 
0 
0 

0 
0 
0 
.0 
.0 
.0 
.0 
.0 

0.0 
0.0 
0.0 

RESONANCE SET-02 
1 1 

300. 
300. 

1 2.0536 
1 5.5461 

0.0 
0.0 
0.0 

-2.00000E 00 1 
-2.00000E 00 1 
-2.00000E 00 1 
-2.00000E 00 1 
-2.00000E 00 1 
-2.00000E 00 1 
-2.00000E 00 1 
-2.00000E 00 1 
-2.00000E 00 1 
-2.00C00E 00 1 
-2.00000E 00 1 
-2.00000E 00 1 

1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 

48 
49 
50 
51 
52 
53 
54 
55 

56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
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2 . 1 8 9 8 1 E 04 3 . 1 3 4 0 7 E - 0 3 2 . 4 6 0 0 0 E - 0 2 C O 
2 . 1 9 0 7 4 E 04 1 . / 2 2 9 6 E - 0 2 2 . 4 6 0 0 0 E - 0 2 C O 
2 . 1 9 1 6 6 E 04 I . 1 3 2 9 1 E - 0 2 2 . 4 6 C 0 O E - 0 2 C O 
2 . 1 9 2 5 9 E 04 4 . 1 9 6 9 5 E - 0 2 2 . 4 6 0 0 0 E - 0 2 C O 
2 . 1 9 3 5 1 E 04 L 4 0 2 4 1 E - 0 2 2 . 4 6 0 0 0 E - 0 2 C O 
2 . 1 9 4 4 4 E 04 4 . 4 7 5 9 6 E - 0 4 2 . 4 6 0 0 0 E - 0 2 C O 
2 . 1 9 5 3 6 E 04 9 . U 6 9 9 7 E - 0 2 2 . 4 6 0 0 0 E - 0 2 C O 
2 . 1 9 6 2 9 E 04 L 4 6 / 2 2 E - 0 3 2 . 4 6 C 0 0 E - 0 2 0 . 0 

AL 2 2 7 . 1 . 4 

0.0 0.0 0.0 

-2.00000E 00 
-2.00000E 00 
-2.00000E 00 
-2.00000E 00 
-2.00000E 00 
-2.00000E 00 
-2.00000E 00 
-2.00000E 00 

0.0018 0.0 
002936 

0.0 0.0 

5 . 9 0 6 0 0 E 
3 . 5 0 4 0 0 E 

FE 

03 
04 

6 
0 . 0 3 5 3 7 0 

0 . 

I . 1 5 0 0 0 E 
3 . 9 0 0 C 0 E 
6 . 0 0 0 0 0 E 
8 . 0 0 0 0 0 E 
2 . 7 0 0 0 0 E 
2 . 8 3 0 0 0 E 

CR 

03 
03 
03 
03 
04 
04 

5 
0 . 0 0 8 8 0 

0 . 

4 . 2 5 0 0 0 E 
6 . 6 0 0 C 0 E 
2 . 3 5 0 0 0 E 
2 . 6 5 0 0 0 E 
2 . 8 7 C 0 0 E 

N I 

03 
03 
04 
04 
04 

4 
0 . 0 0 3 8 5 

0 . 

4 . 6 0 0 0 0 E 
L 2 5 0 0 0 E 
1 . 5 5 0 C 0 E 
2 . 8 7 0 0 0 E 

P U - 2 4 0 

P U - 2 3 9 

MU 

0 . 
0 . 
0 . 

C 
0 . 

03 
04 
04 
04 

0 
0 . 0 
0 . 0 

0 
0 . 0 
0 . 0 

0 

0 

2 .00CCOE 0 1 
L 5 0 C 0 0 E 03 

5 5 . 8 5 0 0 
0 . 0 

. 0 6 1 9 7 

5 . 6 0 0 0 0 E - 0 2 
2 . 2 0 0 C O E 02 
4 . 2 0 0 0 0 E 02 
l .OOCOOE 03 

0 . 0 
L 6 7 0 0 0 E 03 

5 2 . 0 1 
C O 

. 0 1 5 4 1 

l .OOCOOE 02 
1 . 7 0 0 0 0 F 03 
4 .90CCOE 02 
5 . 0 0 0 0 0 E 02 
5 . 1 0 C 0 0 E 02 

5 8 . 7 
0 . 0 

. 0 0 6 7 5 

1 . 3 0 0 0 0 E 03 
2 . 6 0 0 0 0 E 0 3 
1 . 5 4 C 0 0 E 0 3 
l . H C O O E 03 

2 4 0 . 0 0 
C O 
C O 

2 3 9 . 0 0 
C O 
C O 

9 6 . 0 0 0 

0 . 

1 2 . 
. 0 8 1 8 3 

0 

6 

0 

0 

6 

7 

0 . 0 
0 . 0 

5 . 2 2 
0 . 0 6 1 9 7 0 

730OOE-O1 
1 . 0 
1 .7 
3 . 0 
6 . 0 
1 .5 

3 . 7 1 
0 . 0 1 5 4 1 0 

C O 
3 . 0 
0 . 0 
0 . 0 
0 . 0 

6 . 5 7 
0 . 0 0 6 7 5 

• 
C O 
0 . 0 
0 . 0 
0 . 0 

1 3 . 1 8 0 
C O 

. 6 2 2 8 0 E - 0 4 

1 0 . 3 2 0 
0 . 0 

. 0 7 6 2 5 E - 0 3 

7 . 0 0 0 0 

. 0 0 2 4 6 3 

4 . 7 
0 . 

. 0 6 1 9 7 

. 0 1 5 4 1 

. 0 0 6 7 5 

0 . 0 4 . 1 6 7 0 0 E - 0 1 
0 . 0 5 . 8 3 3 0 0 E - 0 1 
C O C O 
C O 0 . 0 6 1 9 7 0 

C O 9 . 1 6 8 0 0 E - 0 1 
0 . 0 2 . 1 7 0 0 0 E - 0 2 
C O 2 . 1 7 0 0 0 E - 0 2 
0 . 0 5 . 8 4 0 0 0 E - 0 2 
C O 2 . 1 7 0 0 0 E - 0 2 
C O 9 . 1 6 8 0 0 E - 0 1 
C O 0 . 0 
C O 0 . 0 1 5 4 1 

C O 5 . 9 6 0 0 0 E - 0 2 
0 . 0 4 . 3 1 0 0 0 E - 0 2 
C O 2 . 3 8 0 0 0 E - 0 2 
C O 2 . 3 8 C 0 0 E - 0 2 
C O 4 . 3 1 0 0 0 E - 0 2 
C O C O 
C O . 0 0 6 7 5 

• 
C O 3 . 6 6 C 0 0 E - 0 2 
C O 2 . 6 1 6 0 0 E - 0 1 
C O 6 . 7 7 6 0 0 E - 0 1 
0 . 0 2 . 6 1 6 0 0 E - 0 1 

1 9 9 . 0 0 0 . 0 
0 . 0 0 1 3 5 1 6 0 0 . 0 

C O C O 

6 6 2 . 0 0 0 . 0 
0 . 0 2 8 4 2 9 0 C O 

69 

0 . 

C O C O 

. 4 0 0 0 . 0 

0 . 

.08183 .08183 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 

/• 

91 



3. Output f r o m Sample P r o b l e m s 

RABID 
HOMOGENEUUS TEST—NO ABSORPTION OR LEAKAGE. FLUX MUST STAY FLAT. 

NO. CELL REGIONS = 1 NO. MATERIALS = 1 
NO. COMPOSITIONS = I NO. RESONANT MATERIALS = I 
NO. BROAD GROUPS = 1 LETHARGY WIDTH INTER. GROUP =0.200000E-01 
NO. INTERMEDIATE GROUPS = 30 RESONANCE TEST = 0.0 (BARNS) NOPT= i KFOIL- 0 

RESONANT MATERIALS HAVE BROAD-GROUP-DEPENDENT ABSORPTION AND FISSION CROSS SECTIONS 

REGION/CUMPOSITION/OUTER DIMENSION/TEMPERATURE 

1 
1 

l.GOOCO 
300.00 

MAIERIAL RES. MASS SIG POT S!G A 1/V SIG F l/V 
A-200 1 0.20000E 03 O.IOOOOE 01 0.0 0.0 

ISOTOPE 1 
O.IOOOOE 01 

BROAD GROUP NO. INTER. GROUPS NO. FINE GP/INTER GP MAXIMUM ENERGY (EV) MINIMUM ENERGY (EV) BUCKLING 
1 30 50 O.IOOOE 04 0.548BE 03 0.0 

NUMBER OF FINE GROUPS USED TO LETHARGY-AVERAGE SCATTERING RATES FOR EACH MATERIAL 

BROAD GROUP N0.= 1 

A-200 I 



MATERIAL 
A-200 

NO SYMMETRIC REGIONS 

ENERGY(EV) 
O.IOOOOE 05 

RESONANCE PARAMETERS 

GAMMA N (EV) GAMMA GAMMA (EV) 
O.lOOOOE-01 O.IOOOOE-Ol 

GAMMA F (EV) 
0.0 

HOMOGENEOUS TEST—NO ABSORPTION OR LEAKAGE. FLUX MOST STAY FLAT. 

SUMMARY FOR BROAD GROUP I O.IOOOOE 04 EV TO 0.54881E 03 EV 

AVERAGE 

CELL 

COMPOSITION 
1 

RF= 0.0 

MATERIAL 

A-200 

SIGMA A SIGMA F SIGMA S 

0.100000 01 

O.IOOOOE 01 

FLOX 

0.999990 00 

0.9'9999E 00 

CUMULATIVE ABSORPTION PROBABILITY = 0.0 



REGIONAL INTERMEDIATE GROUP FLUXES FOR BROAD GROUP 1 

LUWER 
1 

ENERGY(EV) 
1 

1 0.q8020E 03 ICOOO 
2 G.96079E 03 10000 
3 0.94176E 03 ICOOO 
4 C.92312E 03 10000 
b C.90484E 03 10000 
6 O.B8b92E 03 ICOOO 
/ 0.86936E 03 ICOOO 
8 0.8b214E 03 10000 
9 0.83^27E 03 10000 
10 0.81873E 03 ICOOO 
11 0.80252E 03 10000 
12 0.78663E 03 ICOOO 
13 C.77105E 03 10000 
14 C.75b78E 03 ICOOO 
lb 0.74082E 03 10000 
16 0.7261bE 03 ICOOO 
17 0.71177E 03 ICOOO 
18 0.69768E 03 ICOOO 
19 0.68386E 03 10000 
20 0.67032E 03 ICOOO 
21 0.65705E 03 ICOOO 
22 0.64404E 03 ICOOO 
23 0.63128E 03 ICOOO 
24 0.61878E 03 ICOOO 
25 0.60b53E 03 ICOOO 
26 0.59452E 03 10000 
21 C.58275E 03 ICOOO 
28 0.57I21E 03 lOOCO 
29 0.5b990E 03 10000 
30 0.54881E 03 10000 
AVERAGE ICOOO 

TIME= 2.213 SEC. 
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RA8ID 
PLATE,FOIL EQUIVALENCE THEORY CHECK 1/8 IN U-23B I IN C 

NO. CELL REGIONS = B 
NO. COMPOSITIONS = 2 
NO. BROAD GROUPS = 1 
NO. INTERMEDIATE GROUPS = 

NO. MATERIALS = 2 
NO. RESONANT MATERIALS = I 
LETHARGY WIDTH INTER. GROUP =0.lOOOOOE-01 
RESONANCE TEST = O.IOOE-Ol (BARNS) NOPT^ 4 KFOIL= I 

RESONANT MATERIALS HAVE BROAO-GROUP-DEPENDENT ABSORPTION AND FISSION CROSS SECTIONS 

REGION/COMPOSITION/OUTER DIMENSION/TEMPERATURE 

1 2 3 4 5 6 7 8 
1 1 1 1 2 2 2 2 

0.07937 0.15875 0.23812 0.31750 0.95250 1.58750 2.22250 2.85750 
293.00 293.00 293.00 293.00 293.00 293.00 293.00 293.00 

FOIL COMPOSITION 
1 3 

THICKNESS TEMPERATURE 
O.lOOOOE-09 293.000 

MATERIAL RES. 
U 238 66 
C 12 0 

MASS SIG POT SIG A 1/V SIG F 1/V 
0.23800E 03 0.10600E 02 (T.O 0.0 
0.12000E 02 0.47000E 01 0.0 0.0 

ISOTOPE I 
0.42OOOE-OI 0.0 O.IOOOOE 01 

ISOTOPE 
0.0 0.75000E-OI 0.0 

BROAD GROUP NO. INTER. GROUPS NO. FINE GP/INTER GP MAXIMUM ENERGY (EV) MINIMUM ENERGY (EV) 
1 5 50 0.2613E 04 0.2486E 04 

BUCKLING 
O.lOOOE-02 

NUMBER OF FINE GROUPS USED TO LETHARGY-AVERAGE SCATTERING RATES FOR EACH MATERIAL 

BROAD GROOP N0.= 1 

0 238 1 

C 12 1 



RESONANCE PARAMETERS 

MATERIAL 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
1 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 2 38 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 

ENERGY(EV) 
0.12450E 
0.12670E 
0.12730E 
0.12990E 
0.13170E 
0.13360E 
0.13930E 
0.14050E 
0.14200E 
0.14280E 
0.14440E 
0.14740E 
0.15230E 
0.15460E 
0.15500E 
0.15650E 
0.16230E 
0.163B0E 
0.16620E 
0.16880E 
0.17090E 
0.17230E 
0.17560E 
0.17820E 
0.17980E 
0.18080E 
0.18460E 
0.19020E 
0.19170E 
0.19690E 
0.19750E 
0.20240E 
0.20310E 
0.20890E 
0.20970E 
0.21240E 
0.21460E 
0.21530E 
0.21720E 
0.21860E 
0.21940E 
0.22010E 
0.22300E 
0.22360E 
0.22420E 
0.22590E 
0.22660E 
0.22810E 
0.22890E 
0.23020E 
0.23160E 
0.23370E 
0.23520E 

04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 

GAMMA N (EV) 
0.23000E 00 
0.27000E-01 
0.29000E-01 
0.36000E-02 
0.47000E-02 
0.15000E-02 
0.17000E 00 
0.82000E-01 
O.llOOOE-01 
0.34000E-01 
0.23000E-01 
0.80500E-01 
0.21000E 00 
0.20000E-02 
0.20000E-02 
0.24000E-02 
0.90000E-01 
0.40400E-01 
0.16000E 00 
0.70000E-01 
0.50000E-01 
0.14000E-01 
0.70000E-OI 
0.50000E 00 
0.21000E-02 
0.17000E-01 
0.13300E-01 
0.20900E-01 
0.21900E-01 
0.57700E 00 
0.46700E 00 
0.20200E 00 
0.49600E-01 
0.13700E-01 
O.lOlOOE-01 
0.45000E-02 
0.34700E-01 
0.1760P<; 00 
0.23000E-02 
0.36500E 00 
0.23000E-02 
0.11300E 00 
0.47000E-02 
0.47000E-02 
0.14000E-02 
0.65600E-01 
0.14500E 00 
O.IIOOOE 00 
0.24000E-02 
0.96000E-03 
0.14400E-01 
0.48300E-02 
0.63000E-01 

GAMMA GAMMA (EV) 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-OI 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-OI 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600F-01 
0.24600E-0I 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.246001-01 
0.2'.600E-01 
0.24600E-01 
0.24600E-01 
0.246001.-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 

GAMMA F (EV) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

G 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 



U 238 
U 238 
U 238 
U 238 
U 238 
U 238 
(J 238 
U 238 
U 238 
U 238 
U 238 
U 238 
U 238 

0.23560E 
0.23930E 
0.24100E 
0.24270E 
0.24460E 
0.24540E 
0.24900E 
0.25210E 
0.25490E 
0.25590E 
0.25810E 
0.25990E 
0.26040E 

04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 

0.63I00E-01 
0. 11200E-01 
0.44100E-02 
O.813OOE-01 
O.inOOE 00 
0.247COE-02 
0.54900E-01 
O.lOOOOE-01 
0.34300E 00 
O.2170OE 00 
0.24400E 00 
0.56100E 00 
0.25000E-02 

0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-0I 
0.24600E-0I 
0.24600E-01 
0.24600E-OI 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-OI 
0.24600E-01 
0.24600E-01 

0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

THE FOLLOWING PAIRS ARE SYMMETRIC REGIONS 
1 4 2 3 5 8 6 

O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 
O.IOOOOE 01 

PLATE,FOIL EQUIVALENCE THEORY CHECK 1/8 IN U-238 1 IN C 8 REGION 

SUMMARY FDR BROAD GROUP 1 0.26130E 04 EV TO 0.24856E 04 EV 

AVERAGE 

C«LL 

COMPOSITION 

RA= 0.31196E-01 RF== 0.0 
2 

RA= 0.0 RF= 0.0 

MATERIAL 

U 238 

C 12 

SIGMA A 

0.29647D-02 

0.64542E 00 

0.0 

0.0 

0.0 

0.0 

SIGMA S 

0.38710D 00 

0.15926E 02 

0.47OOOE 01 

FLUX 

0.962110 00 

0.96669E 00 

0.98403E 00 

CUMULATIVE ABSORPTION PROBABILITY = 0.2919760-02 



REGIONAL INTERMEDIATE GROUP FLUXES FOR BROAD GROUP 1 

LUMER 

bNERGY(EV) 

I 0.25870E 
2 0.25613E 
3 0.25358E 
4 0.25105E 
5 0.24856E 
AVERAGE 

04 
04 
04 
04 
04 

1 
8549 
9987 
9068 
111A4 
9913 
9732 

1 
8325 
9822 
8799 

11168 
9897 
9602 

1 
8325 
9822 
8799 

11168 
9897 
9602 

1 
8549 
9987 
9068 

11144 
9913 
9732 

2 
9157 
9999 
9445 

10685 
9934 
9844 

2 
9337 
9941 
9510 

10464 
9932 
9837 

2 
9337 
9941 
9510 

10464 
9932 
9837 

2 
9157 
9999 
9445 

10685 
9934 
9844 

FOIL 1 
INTERFACE 

1 
2 
3 
4 
5 
6 
7 
8 

TIME= 

RA(F) 
0.59221E 
0.54922E 
0.59221E 
0.88561E 
0.10821E 
0.H212E 
0.10821E 
0.88561E 

00 
00 
00 
00 
01 
01 
01 
00 

73.332 SEC. 

RFtF) 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

RS(F) 
0.14942E 
0.14359E 
0.14942E 
0.19195E 
0.21627E 
0.22132E 
0.21627E 
0.19195E 

02 
02 
02 
02 
02 
02 
02 
02 
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u-238 FOILS IN 2PR-3 ASSY 53 RESONANCE SET-02 

NO. CELL REGIONS = 12 
NO. COMPOSITIONS = 10 
NO. BROAD GROUPS •= I 
NO. INTERMEDIATE GROUPS 

NO. MATERIALS = 9 
NO. RESONANT MATERIALS » 5 
LETHARGY WIDTH INTER. GROUP =0.845700E-03 
RESONANCE TEST = O.lOOE-02 (BARNS) NOPT= 3 KFOIL. 1 

RESONANT MATERIALS HAVE BRDAO-GROUP-OEPENOENT ABSORPTION AND FISSION CROSS SECTIONS 

REGION/COMPOSITION/OUTER DIMENSION/TEMPERATURE 

1 

1.46610 
300 .00 

2 
2 

1.73610 
300 .00 

3 
3 

1.76658 
300 .00 

4 
4 

2.02312 
300 .00 

5 
5 

2.05360 
300.00 

6 
6 

2.68860 
300.00 

7 
6 

3.32360 
300.00 

8 
6 

3.95860 
300 .00 

9 
7 

3.98908 
300.00 

10 
8 

4.56312 
300 .00 

11 
9 

4 .59360 
300 .00 

1 2 
1 0 

5.S4610 
300 .00 

FOIL COMPOSITION 
1 II 

THICKNESS 
0.12700E-01 

TEMPERATURE 
300.000 

MATERIAL 
U-238 

AL 
FE 
CR 
NI 

PU-240 
PU-239 

MO 
C 

RES. 
20 
2 
6 
5 
4 
0 
0 
0 
0 

MASS SI 
0.23800E 03 0 
0.2T000E 02 
0.53SS0E 02 
0.52010E 02 
0.58700E 02 
0.24000E 03 
0.23900E 03 
0.96000E 02 
0.12000E 02 

; POT SIG A 1/V SIG f 
10600E 02 0.0 0.0 
14000E 01 0.18000E-02 0.0 
S2200E 01 0.0 0.0 
3710OE 01 0.0 0.0 
,65700E 01 0.0 0.0 
,13180E 02 0.19900E 03 0.0 
, 10320E 02 0.6&200E 03 0.0 
.70000E 01 0.69400E 02 0.0 
,47000E 01 0.0 0.0 

ISOTOPE 
0.0 
0.47600E-01 

0.30877E-01 0.0 

ISOTOPE 
0.0 
0.0 

0.29360E-02 0.0 

ISOTOPE 3 
0.35370E-01 0.0 
0.0 

0.61970E-01 0.0 0.61970E-01 0.0 0.61970E-01 0.0 0.619TOE-01 0.0 

ISOTOPE 4 
0.88000E-02 0.0 
0.0 

0.15410E-01 0.0 0.15410E-01 0.0 0.15410E-01 0.0 0.15410E-01 0.0 



ISOTOPE 5 
0.38500E-02 0.0 
0.0 

ISOTOPE 6 
0.0 0.0 
0.0 

ISOTOPE 7 
0.0 0.0 
0.0 

ISOTOPE 8 
0.0 0.0 
0.0 

ISOTOPE 9 
0.0 0.81830E-01 0.0 
0.0 

0.67500E-02 0.0 0.67500E-02 0.0 0.67500E-02 0.0 0.67500E-02 0.0 

0.13516E-02 0.0 

0.28429E-01 0.0 

0.81830E-01 0.0 

0.66228E-03 0.0 

0.70762E-02 0.0 

0.24630E-02 0.0 

0.81830E-01 

BROAD GROUP NO. INTER. GROUPS NO. FINE GP/INTER GP MAXIMUM ENERGY (EV) MINIMUM ENERGY (EV) BUCKLING 
1 10 12 0.2197E 05 0.2178E 05 0.0 

NUMBER OF FINE GROUPS USED TO LETHARGY-AVERAGE SCATTERING RATES FOR EACH MATERIAL 

BROAD GROUP N0.< 

U-238 

AL 

FE 

CR 

NI 

PU-240 

PU-239 

MO 

C 



RESONANCE PARAMETERS 

MATERIAL 
U-23e 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 
U-238 
U-2 38 
U-238 
U-238 
U-238 
U-238 
U-238 
U-2 38 
U-238 
U-238 
U-238 

AL 
AL 
FE 
FE 
FE 
FE 
FE 
FE 
CR 
CR 
CR 
CR 
CR 
NI 
NI 
NI 
NI 

ENERGYlEV) 
0.21787E 05 
0.21796E 05 
0.21806E 05 
0.21B15E 05 
0.21824E 05 
0.21833E 05 
0.21843E 05 
0.21852E 05 
0.21861E 05 
0.21870E 05 
0.21880E 05 
0.21B89E 05 
0.21898E 05 
0.21907E 05 
0.21917E 05 
0.21926E 05 
0.21935E 05 
0.21944E 05 
0.21954E 05 
0.21963E 05 
0.59060E 04 
0.35040E 05 
O.llSOOE 04 
0.39000E 04 
0.60000E 04 
0.80000E 04 
0.27000E 05 
0.2e300E 05 
0.42500E 04 
0.66000E 04 
0.23500E 05 
0.26500E 05 
0.28700E 05 
0.46000E 04 
0.12500E 05 
0.15500E 05 
0.28700E 05 

GAMMA N (EV) 
0.87064E-03 
0.26002E-01 
0.16087E-03 
0.42320E-02 
0.903I9E-02 
0.55722E-02 
0.22009E-02 
0.21119E-0I 
0.71710E-02 
0.32660E-01 
0.19063E-04 
0.56503E-0I 
0.31341E-02 
0.17230E-01 
0.11329E-01 
0.41969E-01 
0.14024E-01 
0.44760E-03 
0.90700E-01 
0.14672E-02 
0 . 2 0 0 0 6 E 02 
0.15000E 04 
0.56000E-01 
0.22000E 03 
0.42000E 03 
O.IOOOOE 04 
0.0 
0.16700E 04 
O.IOOOOE 03 
0.17000E 04 
0.49000E 03 
0.50000E 03 
0.5I000E 03 
0.13000E 04 
0.26000E 04 
0.15400E 04 
O.lllOOE 04 

GAMMA GAMMA (EV) 
0.24600E-0I 
0.24600E-01 
0.24600E-01 
0.24600E-0I 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-0I 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.24600E-01 
0.0 
0.0 
0.67300E 00 
O.IOOOOE 01 
0.17000E 01 
0.30000E 01 
0.60000E 01 
0.15000E 01 
0.0 
0.30000E 01 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

GAMMA F 

0.0 
0.0 
0.0 
0.0 
0.0 
0-0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

(EV) 
-0.20000E 01 
-0.20000E 01 
-0.20000E 01 
-0.20000E 01 
-0.20000E 01 
-0.20000E 01 
-0.20000E 01 
-0.20000E 01 
-0.20000E 01 
-0.20000E 01 
-0.20000E 01 
-0.20000E 01 
-0.20000E 01 
-0.20000E 01 
-0.20000E 01 
-0.20000E 01 
-0.20000E 01 
-0.20000E 01 
-0.20000E 01 
-0.20000E 01 
0.41670E 00 
0.58330E 00 
0.91680E 00 
0.21700E-01 
0.21700E-01 
0.58400E-01 
0.21700E-01 
0.91680E 00 
0.59600E-01 
0.43100E-01 
0.23B00E-01 
0.23800E-01 
0.43100E-01 
0.36600E-01 
0.26160E 00 
0.67760E 00 
0.26160E 00 

NO SYMMETRIC REGIONS 



u-238 FOILS IN ZPR-3 ASSY 53 C-17 

SUMMARY FOR BROAD GROUP 1 

RESONANCE SET-02 

0.21968E 05 EV TO 0.21783E 05 EV 

AVERAGE 

RA* 
RA-
RA= 

RA= 

KA
RA* 
RA* 

RA* 
RA* 
RA* 

RA* 
RA* 
RA* 

RA* 

RA* 
RA* 
RA* 

RA* 
RA* 
RA* 
RA* 

RA* 
RA* 
RA* 

RA* 

0.1386 7E-04 
0.47r74E-06 
0.0 

0.0 

0.13256E-04 
0.45671E-06 
0.0 

0.15469E-04 
0.18390E-O2 
0.61179E-02 

0.13236E-04 
0.45602E-06 
0.0 

0.0 

0.13155E-04 
0.45327E-06 
0.0 

0.24576E-02 
0.18208E-02 
0.60570E-02 
0.63499E-03 

0.13219E-04 
0.45548E-06 
0.0 

0.0 

COMPOS! 

RF* 
RF* 
RF* 

RF* 

RF* 
RF* 
RF* 

RF* 
RF* 
RF* 

RF* 
RF* 
RF* 

RF* 

RF* 
RF* 
RF* 

RF* 
RF* 
RF* 
RF* 

RF* 
RF* 
RF* 

RF* 

riON 
1 

0.0 
0.0 
0.0 

2 
0.0 

3 
0.0 
0.0 
0.0 

4 
0.0 
0.0 
0.0 

5 
0.0 
0.0 
0.0 

6 
0.0 

7 
0.0 
0.0 
0.0 

8 
0.0 
0.0 
0.0 
0.0 

9 
0.0 
0.0 
0.0 
10 

0.0 

FE 
CR 
NI 

FE 
CR 
NI 

AL 
PU-240 
PU-239 

FE 
CR 
NI 

SIGMA A 

0.240820-02 

0.15342E-02 
0.52855E-04 
0.0 

0.15341E-02 
0.52856E-04 
0.0 

O.lBOOOE-02 
0.21400E 00 
'0.71190E 00 

0.15341E-02 
0.52856E-04 
0.0 

0.0 

SIGMA F 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

FE 
CR 
NI 

U-238 
PU-240 
PU-239 

HO 

FE 
CR 
NI 

0.15340E-02 
0.52858E-04 
0.0 

0.2S88SE 00 
0.21400E 00 
0.71190E 00 
0.74632E-01 

0.15340E-02 
0.S2858E-04 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

SIGMA S 

0.364S0D 00 

0.16921E 01 
0.3Ta63E 01 
0.16769E 02 

0.47000E 01 

0.16922E 01 
0.37863E 01 
0.16770E 02 

0.86361E 00 
0.13180E 02 
0.10320E 02 

0.16922E 01 
0.37863E 01 
0.16770E 02 

0.47000E 01 

0.16923E 01 
0.37863E 01 
0.16770E 02 

0.10992E 02 
0.13180E 02 
0.10320E 02 
0.70000E 01 

0.16922E 01 
0.37863E 01 
0.16770E 02 

0.47000E 01 

FLUX 

0.102120 01 

0.10688E 01 

0.10252E 01 

0.10217E 01 

0.10162E 01 

0.10202E 01 

0.10099E 01 

0.10140E 01 

0.10061E 01 

0.10189E 01 

0.10262E 01 

CUMULATIVE ABSORPTION PROBABILITY * 0.4449900-03 



REGIONAL INTERMEDIATE GROUP FLUXES FOR BROAU GROOP 

LOViER 

ENERGYlEV) 

10 11 12 

8 9 10 

1 C21949E 05 1C671 10217 10186 10125 10169 10077 10024 9973 9967 9827 0022 0175 
2 0.21930E 05 1C744 10278 10242 10183 10226 10142 10113 10125 10199 10129 0250 0304 
3 0.21912E 05 10692 10243 10209 10151 10193 10107 10067 10047 10077 9976 10129 10234 
4 o:218«i 05 10718 10268 10232 10175 10217 10135 10106 10115 10182 10112 10232 0290 

FOIL 1 
INTERFACE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

T I M E * 

RA(F) 
0 .14441E-01 
0 . 1 3 9 3 7 E - 0 I 
0 .13929E-01 
0 .13908E-01 
0 .13912E-01 
0 .13789E-01 
0 .13737E-01 
0 .13682E-01 
0 .13663E-01 
C 1 3 7 3 3 E - 0 1 
0 .13756E-01 
0.14430E-C1 

69 .339 SEC. 

RF(F) 
0 . 0 
C O 
C O 
0 . 0 
C O 
0 . 0 
C O 
C O 
C O 
C O 
C O 
0 . 0 

RS(F1 
0.54269E 
0.52334E 
0.52304E 
C52232E 
0.52247E 
0.51829E 
0.51745E 
0.51894E 
0 .5 le63E 
0.52111E 
C52159E 
0.54254E 

0 0 
00 
00 
00 
0 0 
00 
00 
00 
00 
00 
00 
00 



APPENDIX E 

Glossary of Symbols 

1. Mathematical Symbols 

Symbol Section Equation Definition 

r ^ V - Total width of resonance (x = s for s-waves, 

X = p for p-waves). 

p 2 V - Neutron width for process z (z = 7, f, and n for 

capture, fission, and scattering, respectively). 

pP V - rnyE^vi(Eo), where V^ is the reduced neutron 

width and 
OpEo 

vi(Eo) = -. j^-T = p - w a v e 

2 . 6 0 3 8 5 X l O ' f 1 -I- - j + a Eo 

p e n e t r a t i o n f a c t o r . 

A A . 4 A . 2 0 F o i l o p t i c a l t h i c k n e s s . 

A V - 2 I — - — J = D o p p l e r w i d t h of a r e s o n a n c e a t 

e n e r g y E ; k i s B o l t z m a n n ' s c o n s t a n t . 

L e t h a r g y w i d t h of i n t e r m e d i a t e o r b r o a d g r o u p I . 

16 S p a t i a l l y l i n e a r s l o w i n g - d o \ v n s o u r c e c o n n p o n e n t . 

8 L e t h a r g y w i d t h of a f i n e g r o u p . 

M a c r o s c o p i c n e u t r o n c r o s s s e c t i o n f o r 

p r o c e s s z . 

P r o c e s s 2 

A b s o r p t i o n a 

C a p t u r e c 

F i s s i o n f 

S c a t t e r i n g s 

T o t a l t 

P o t e n t i a l s c a t t e r i n g p 

^ S j V I . E 55 C e l l - a v e r a g e d m a c r o s c o p i c c r o s s s e c t i o n f o r 

p r o c e s s z . 
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AUj 

AS 

Au 

2 , 

VI 

II .B 

II.A 

II.A 



Symbol Sec t i on E q u a t i o n Defini t ion 

'S^-r VI.H 60 A v e r a g e m a c r o s c o p i c c r o s s s e c t i o n for p r o c 
e s s z in g roup I, for foil n at i n t e r f a c e *. 

a II .A 3 ( — ^ 1 , w h e r e A is the r a t i o of t a r g e t nuc l ide 

m a s s to n e u t r o n m a s s . 

7" °° t 
a^ iz ) A . l A.2 j t " e - ^ M t , n a 0. 

/
oo . 

t ^ - ^ g - t ^^ ^ i^^ m o m e n t of e - y t " we igh t ing 
1 

"•n.i 

'ml 

funct ion. 

B.12 B.2 E u l e r ' s cons tan t = 0 . 5 7 7 2 1 5 6 6 4 9 . . . 

A + 1 
II .A - 2 i n — r = m a x i m u m l e t h a r g y i n c r e m e n t 

upon e l a s t i c s c a t t e r i n g . 

( kTEX'^^ j = Dopp le r width . 

A v e r a g e l e t h a r g y i n c r e m e n t for an e l a s t i c s c a t 
t e r i n g co l l i s i on . 

2 / (3A) for m a t e r i a l j . 

P e a k va lue of r e s o n a n c e c r o s s s ec t i on , b a r n s 
(x = s o r p for s - o r p - w a v e s ) . 

M i c r o s c o p i c n e u t r o n c r o s s s e c t i o n for 
p r o c e s s z ( b a r n s ) . 

i 

i 

^°j 

0^ 

V 

VI.G 

I I .B 

V 

43 

59 

32 

-

P r o c e s s 

A b s o r p t i o n 
C a p t u r e 
F i s s i o n 
S c a t t e r i n g 
To ta l 

z 

a 

c 
f 
s 
t 

P o t e n t i a l s c a t t e r i n g p 

0-Ll VI .F 56 C o m p o s i t i o n - a v e r a g e d m i c r o s c o p i c c r o s s s e c 
t ion for p r o c e s s z. 
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Symbol Section Equation Definition 

<p(r,n) I I . A 1 N e u t r o n f l u x p e r u n i t l e t h a r g y a t s p a c e p o i n t r 

a n d l e t h a r g y u . 

0 ( x , u ) I I . A 6 N e u t r o n f l u x p e r u n i t l e t h a r g y a t s p a c e p o i n t x 
a n d l e t h a r g y u ( o n e - d i m e n s i o n a l s l a b g e o m e t r y ) . 

0 « ( x ) I I . A 8 A v e r a g e n e u t r o n f l u x p e r u n i t l e t h a r g y a t s p a c e 

p o i n t X i n l e t h a r g y g r o u p £ . 

0 . , VI - S p a t i a l l y i n t e g r a t e d f l u x p e r u n i t l e t h a r g y i n 

f i n e g r o u p k a n d r e g i o n i . 

0 " T V I . H 60 A v e r a g e n e u t r o n f l u x p e r u n i t l e t h a r g y i n t e 

g r a t e d o v e r f o i l n i n b r o a d g r o u p I a t 

i n t e r f a c e Jl, 

(p^ VI - N e u t r o n f l u x p e r u n i t l e t h a r g y t h a t w o u l d b e 

p r e s e n t i n t h e a b s e n c e of r e s o n a n c e s , f a r f r o m 

n e u t r o n s o u r c e s . T h e c o d e a s s u m e s j ^ = 1 . 

0- V I . H 6 1 N e u t r o n f l u x p e r u n i t l e t h a r g y i n c i d e n t u p o n a 

f o i l . 

0 j V I . C 53 C e l l - a v e r a g e d f l u x i n i n t e r m e d i a t e o r b r o a d 

g r o u p I . 

0j_I V I . A 51 R e g i o n a l a v e r a g e f l u x i n i n t e r m e d i a t e o r b r o a d 

g r o u p I . 

0 j ^ V L B 52 C o m p o s i t i o n - a v e r a g e d f l u x i n i n t e r m e d i a t e o r 

b r o a d g r o u p I . 

X ( C J X ) V 50 A n t i s y m m e t r i c D o p p l e r - b r o a d e n e d l i n e - s h a p e 

f u n c t i o n . 

^ ( ? . x ) V 4 9 S y m m e t r i c a l D o p p l e r - b r o a d e n e d l i n e - s h a p e 
f u n c t i o n . 

A I I . A - R a t i o of t a r g e t n u c l i d e i n a s s t o n e u t r o n m a s s 

( e l a s t i c s c a t t e r i n g ) . 

•Aj II.B 30 Thickness of region i (cm). 

B II.B 29 Buckling of finite medium for nonleakage 

probability. 

1 0 6 



Symbol Sec t ion E q u a t i o n Defini t ion 

C(z . h) B.17 B.9 A p p r o x i m a t e e r r o r c o r r e c t i o n for Sv,(z. h) 
for z < 0 . 3 . 

CR(1 -* 2) I I .B 18 C o l l i s i o n r a t e in r e g i o n 2 due to a n e u t r o n 
s o u r c e in r e g i o n i, for n e u t r o n s p r o c e e d i n g 
to the r i gh t . 

CR (1 — 2) I I .B 19 C o l l i s i o n r a t e in r e g i o n 2 due to n e u t r o n 
s o u r c e s in al l type 1 regions^ for an in
f in i te ly r e p e a t i n g a r r a y of uni t c e l l s , for 
n e u t r o n s p r o c e e d i n g to the r igh t . 

<^D> II .B 32 C e l l - a v e r a g e d diffusion coeff ic ient for n e u 

t r o n l e a k a g e f r o m finite s y s t e m s . 

V 44 N e u t r o n e n e r g y (in l a b o r a t o r y ) , eV. 

44 R e s o n a n c e e n e r g y (in l a b o r a t o r y ) , eV. 

II .A 5 E x p o n e n t i a l i n t e g r a l function of o r d e r n =; 0. 

"k 

E 

E„ V 

E . 

F (u ' , r " ' ) II .A 2 S c a t t e r i n g r a t e at l e t h a r g y n' and s p a c e 
po in t r ' . 

Jlx^-a) II .A 7 N e u t r o n c u r r e n t / u n i t l e t h a r g y at s p a c e 
point x and l e t h a r g y u . 

w.^ .J- \ I I .B 17 N e u t r o n c u r r e n t at T m e a n f r e e p a t h s b e -
'• yond a s o u r c e r eg i o n of op t i ca l t h i c k n e s s T^. 

^ j j j ^ 12 = e / A u = n u m b e r of fine g r o u p s tha t con
t r i b u t e to s lowing-down s o u r c e f r o m e l a s t i c 
s c a t t e r i n g (not inc luding i n g r o u p s c a t t e r i n g ) . 

N; 
y i . D 54 A t o m n u m b e r d e n s i t y of m a t e r i a l j in 

J"^ c o m p o s i t i o n m . 

P ( u ' - ' u ) II .A 3 P r o b a b i l i t y of e l a s t i c s c a t t e r i n g f r o m 
l e t h a r g y u ' to u. 

p JJ B 21 p^j i s p r o b a b i l i t y of a n e u t r o n b o r n in r e -

— ' gion i su f fe r ing i t s next co l l i s ion in r e g i o n j . 

p II A 10 P r o b a b i l i t y of e l a s t i c s c a t t e r i n g f r o m 

^ • g r o u p k - i to k, 1 < i < e /Au . 
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Symbol Sect ion Equa t ion Def in i t ion 

p II.A 11 P r o b a b i l i t y of i n g r o u p e l a s t i c s c a t t e r i n g , 
s 

R II .B 22 Rij = ( S g P s / S t ) . , i = j , 

= 0 , i / j . 

R ^ ( z ) A . l A.4 , R e m a i n d e r of M t h - o r d e r G a u s s q u a d r a t u r e . 

R-V VI.D 54 ( 0 i k ) z ^ ^'^ ~ r e a c t i o n r a t e for p r o c e s s z m 
fine g roup k and m a t e r i a l j i n t e g r a t e d ove r 
r e g i o n i. 

A c c u m u l a t e d a b s o r p t i o n p r o b a b i l i t y . 

R e s o n a n c e i n t e g r a l for p r o c e s s z in m a t e r i a l j , 
in c o m p o s i t i o n m and g roup I. 

R e s o n a n c e i n t e g r a l for p r o c e s s z in m a t e r i a l j , 
in g roup I, in foil n, at i n t e r f a c e Jl. 

Spa t i a l ly flat s lowing-down s o u r c e c o m p o n e n t . 

To ta l e l a s t i c s c a t t e r i n g s o u r c e at s p a c e 
poin t x ' . 

00 

Sn(z ,h) A. l A.3 Y En(z + kh), n ^ O . 
k=o 

S i^(x') II.A - Ing roup e l a s t i c s c a t t e r i n g s o u r c e in g roup k at 
s p a c e poin t x ' . 

S.]^(x') II.A 12 S lowing-down s o u r c e in g roup k at s p a c e 
point x ' f r o m all g r o u p s k - . £ , l £ . ^ s L . 

SDD VI.G 58 S lowing-down d e n s i t y at the l e t h a r g y c o r r e 

sponding to the s t a r t of the p r o b l e m . 

W(z) V 49 C o m p l e x p r o b a b i l i t y i n t e g r a l , w h e r e z = u + iv. 

fg»(x') II.A 9 A v e r a g e s c a t t e r i n g r a t e p e r uni t l e t h a r g y in 

g roup Jl at s p a c e point x ' . 

g j V 43 . ——> w h e r e J = to ta l spin of compound 

n u c l e u s and I i s spin of t a r g e t n u c l e u s . 
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RAP 

zRlJnl 

RI^J z^^nl 

S 

S(x') 

VI.G 

VI.F 

VI.H 

II .B 

I I .B 

57 

56 

60 

16 

16 



h 

tl 

t; „ 

I I .B 

II . B 

A . l 

19 

15 

A.4 

Symbol Sec t ion E q u a t i o n Defini t ion 

O p t i c a l t h i c k n e s s of uni t ce l l . 

T h i c k n e s s of s o u r c e r eg i o n 1 ( cm) . 

G a u s s i a n q u a d r a t u r e a b s c i s s a s of o r d e r M, 
1 £ i £ M, for exponen t ia l i n t e g r a l function of 
o r d e r n. 

VI.A 51 L o w e r l e t h a r g y bound of g roup I. 

V 43 2 ( E - E o ) / r . 

V L B 52 Left b o u n d a r y of c o m p o s i t i o n m (xi = 0). 

ni 
/ 4 E k T \ ' / ^ _ ll±±l.\ = Dopp le r width of a r e s o n a n c e at 

e n e r g y E , k i s B o l t z m a n n ' s c o n s t a n t . 

A . l A.4 G a u s s i a n q u a d r a t u r e we igh t s of o r d e r M, 
1 £ i £ M, for exponen t ia l i n t e g r a l function of 

o r d e r n. 
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2. Code Symbols 

QUANTITIES DENOTEU BY « ARE INPUT VARIABLES 

ABC LINEAR SOORCE COMPONENT CORRENT LEAVING A REGION FROM RIGHT 
ACS BROAD GROUP AVERAGE ABSORPTION CROSS SECTION FOR CELL 
ACSGP INTERMEDIATE GROUP AVERAGE ABSORPTION CROSS SECTION FOR CELL 
AF BROAD GRCOP AVERAGE FOIL MACROSCOPIC ABSORPTION CROSS SECTION 
AIMW IMAGINARY PART OF COMPLEX PROBABILITY INTEGRAL WIZ) 
AIMZ IMAGINARY PART OF ARGUMENT FOR COMPLEX PROBABILITY INTEGRAL WIZ) 
ALP ALPHA*I(A-1)/(A+1))**2 
AMU * MATERIAL MASS (UNITS OF NEUTRON MASS) 
AREA REGION THICKNESS 
AREAC THICKNESS OF COMPOSITION 
AREAT TOTAL THICKNESS OF UNIT CELL 
AX REZ (QUICKW) 
BARMU AVERAGE COSINE OF SCATTERING ANGLE, 2/(3A) 
BIN BACK DIRECTION LINEAR SOORCE CURRENT ENTERING ON RIGHT 
BOUr BACK DIRECTION LINEAR SOURCE CORRENT LEAVING ON LEFT 
HOUTL LAST VALUE OF BOUT NEEDED 
BSQ * BUCKLING FOR NEUTRON LEAKAGE FROM FINITE SYSTEMS 
CR COLLISION RATE VECTOR 
D DIFFUSION COEFFICIENT FOR CELL 
CDS DS IN RATES 
DEN * MATERIAL ATOM DENSITY MATRIX (10**24 ATOMS/BARN-CM) 
DETERM DETERMINANT OF MATRIX INVERTED BY MATINV 
DFS FORWARD LINEAR SOURCE COMPONENT (LEFT TO RIGHT) IRATES) 
OIFX NOT USED 
DPS PS 
DR REGION THICKNESS 
OS SUM OF ALL CORRECTIONS TO SOORCE IN GROUP K COMPARED TO ASYMPTOTIC 

VALUE ENTERING PROBLEM FROM ABOVE 
DS LINEAR SOORCE COMPONENT IRATES) 
DSL ALP*PS 
D3UX RECURSIUN COEFFICIENT FUR ELASTIC SCATTERING FROM GROUP K-l-L TO K 
CSR REVERSE DIRECTION LINEAR SOURCE COMPONENT IRIGHT TO LEFT) (RATES) 
DSl RECURSION COEFFICIENT FOR ELASTIC SCATTERING FROM GROUP K-1 TO K 
DUSIR BROAD GROUP LETHARGY WIDTH 
ENGP UPPER ENERGY BOUND lEV) OF INTERMEDIATE GROUPS I * ENGPIl) ) 
ER * RESONANCE ENERGY (EV) 
ETUT NUT USED 
EXDU OEXP(-UFGP) 
FCS BROAD GRCOP AVERAGE FISSION CROSS SECTION FOR CELL 
FCSGP INTERMEDIATE GROUP AVERAGE FISSION CROSS SECTION FOR CELL 
FF BROAD GRCOP AVERAGE FOIL MACROSCOPIC FISSION CROSS SECTION 
FFF BROAD GROUP AVERAGE FOIL FLUX 
FFLUX INTERMEDIATE GROUP AVERAGE FOIL FLUX 
FIN FLAT SOORCE COMPONENT CURRENT ENTERING A REGION FROM LEFT 
FLUX INTERMEDIATE GROUP AVERAGE FLUX IN A REGION 
FLUXCP INTERMEDIATE GROUP AVERAGE FLUX IN A COMPOSITION 
FOUT FLAT SOURCE COMPONENT CORRENT LEAVING A REGION FROM RIGHT 
FUUTL LAST VALUE OF FOUT NEEDED 
FS FORWARD FLAT COMPONENT SOURCE (CURRENT TO RIGHT) (RATES) 
FIV SQRT(.0253/ENGP(1)) 
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p,, LINEAR SOURCE COMPONENT CURRENT ENTERING A REGION FROM LEFT 
G * SIATISTICAL SPIN FACTOR FOR A RESONANCE 
GAMMA TOTAL WIDTH lEV) OF A RESONANCE 
liF * FISSION WIDTH (EV) FOR A RESONANCE 
GN * NEUIRON WIDTH (EV) FOR A RESONANCE 
GR * RAOIATIUN WIDTH (EV) FOR A RESONANCE 
GW2 GAUSS QUADRATURE WEIGHTS FOR E2 
GW3 GAUSS QUADRATURE WEIGHTS FOR E3 
GW4 GAUSS QUADRATURE WEIGHTS FOR E4 
GX2 GAUSS QUAORATORE A8SCISSAS*(-1) FOR E2 
GX3 GAUSS QUADRATURE ABSCISSAS*(-1) FOR E3 
GX4 GAOSS QUADRATURE ABSCISSAS*(-1 ) FOR E4 
IBG BROAD GROOP NOMBER 
IBGP INTERMEDIATE GROUP NUMBER 
lERR ERRUR INDICAIUR IF POSITIVE (FOR SOARCE,RATES,AND XSECT) 
IFGP FINE GROUP NUMBER (WITHIN AN INTERMEDIATE GROOP) 
II KREG 
licLUD S E ^ ' T O ^ I B C P AT START OF INT. GR. IBGP IF THIS RESONANCE TO BE INCLUDED 

IN RESONANT CROSS SECTION CALCULATIONS FOR THIS INT. GROUP. 
ZERO IF THIS RESONANCE IS NCT IMPORTANT. 

INDEX I*F1RST FINE GROUP IN FIRST INTERMEDIATE GROUP 
2*2ND FINE GROUP IN ANY BROAD GROUP 
3=FIRST FINE GROUP IN ANY BUT FIRST BROAO GROOP 
4=NUT FIRST INTERMEDIATE GROUP IN ANY BROAD GROUP 

INUF NUMBER OF LAST SCATTERING RATE AVERAGING INTERVAL IN A BROAD GROOP 
INUI NUMBER OF FIRST SCATTERING RATE AVERAGING INTERVAL IN A BROAD GROUP 
ISYM NUN-ZERO PAIRS ARE SYMMETRIC REGION NOMBERS ,,,^^^, 
llRY POSITIVE IF LINEAR SOORCE TERMS PRESENT AND TO BE INCLOOED (KATES) 
JBG INTERMEDIATE GROUP NUMBER WITHIN A BROAD GROUP 
JMULT FINE GRUUP COONTER FOR AVERAGING SCATTERING RATES 
JNU POSITION COUNTER IN SCATTERING RATE TABLE SCAT " U N H S OF NISO) 
KB * >0 IMPLIES THAT BROAD GROOP DEPENDENT SMOOTH BACKGROUND CROSS 

SECTIONS ARE TO BE READ FOR FIRST KRES MATERIALS 

^̂ Q̂ : T.ni: % " P S ? B^r^NGS IF >0 ELSE »ET BUCKLINGS TO ZERO 

' ^ ^ : TMBIR 0̂  ̂ S::f'irNUS SIGN TAG SAYS LAST IS INFINITELY THIN) 

.̂̂ Î : r . l i : Ô̂F i^;rR:^A?r;^MA^E^y"L-ISOTOPE OR C O L L E C T I O N OF I S O T O P E S , 

KREG * NUMBER OF REGIONS 

i r : riMPL"Es'THArTHE'"E:ASHC%CATTERING PROBABILITIES ARE TO BE 
M O O I F I E D TO REMOVE INGROOP SCATTERING. INGROUP SCATTERING IS 

LREG COMPOSITION NUMBER FUR A REGION ,,„.„^c, 
PH INDEX OF SCATTERING RATE 1 ABOVE MO ISOARCE) 
MNT NOMBER OF LAST REGION IN A COMPOSITION 
.,. nunc* nc <;r4TTFRING RATE 1 BELOW MO (SOARCE) 
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NDX IF COLLISION RATE FOOND TO BE NEGATIVE,NDX IS SET TO 1 TO INITIATE 
SPECIAL OUTPUT AND RENORMALIZAT ION OF COLL. RATES TO CONSERVE NE,U;TR0N5 
AND BE NON-NEGATIVE (MINIMUM SET TO ZERO) 

NEXT FIRST RESONANCE OF A MATERIAL IS AT THIS LOCATION IN RESONANCE LIST 
NFI * NUMBER UF FINE GRUUPS PER INTERMEDIATE GR. IN A BROAD GROUP 
M B • NUMBER OF INTERMEDIATE GROOPS PER BROAD GROOP 
M N T * NUMBER OF REGIONS PER COMPOSITION (EQUAL THICKNESS) 
M S U NUMBER UF REGION/MATERIAL PAIRS WITH NON-ZERO ATOM DENSITY 
NUPT * NOT POSITIVE IMPLIES A HOMOGENEOOS 1 REGION PROBLEM 

POSITIVE IMPLIES A HETEROGENEOUS MULTI-REGION PROBLEM 
>3 IMPLIES NO INTERFERENCE TERM CHI IN RESONANT CROSS SECTIONS 

NCX 4C000/NISO-1 
NUXl NOX+1 
NPRINT * <0 GIVES FINE GROOP FLUX OUTPUT AND INTERMEDIATE GROUP OUTPOT 

*0 GIVES INTERMEDIATE GROUP OUTPUT 
>0 SUPPRESSES ALL OUTPUT FOR FINE AND INTERMEDIATE GROUPS 

NRES * NUMBER OF RESONANCES FOR A MATERIAL 
M E M P * NUMBER OF DIFFERENT TEMPERATURES 
NU INTERMEDIATE GRUUP NUMBER (MODULO 100) 
NUCLID * ALPHAMERIC NAME FOR MATER IAL(ISOTDPE OR COLLECTION OF ISOTOPES) 
NX REGION NUMBER 
NXN NOX*NISD 
P PROBABILITY OF ESCAPE WITHOUT A COLLISION FROM A REGION 
PFLUX NOT USED 
PHI SPATIALLY INTEGRATED FINE GROOP FLUX IN GROUP K 
PHICT BROAD GROUP AVERAGE FLUX IN COMPOSITION 
PHIRT BROAD GROUP AVERAGE REGION FLOXES 
PHIT INTERMEDIATE GROUP AVERAGE FLUX FOR CELL 
PHITOT BROAO GRCOP AVERAGE FLUX FOR CELL 
PIJ MATRIX TO BE INVERTED BY MATINV. IF IT IS THE COLLISION PROBABILITY 

MATRIX, THEN PIJ(I,J) IS TRANSFER PROBABILITY FROM I TO J 
PL INTERPOLATION INTERVAL FRACTION FOR SCATTERING RATE AT K-L 
PNL NON-LEAKAGE PROBABILITY IRATES) 
PS INGROOP ELASTIC SCATTERING TRANSFER PROBABILITY 
PI MAJOR COMPONENT OF ELASTIC TRANSFER PROBABILITY FROM GROUP K-l TO K 
Q .5*S00RCE*PNL (RATES) 
Q LETHARGY AT MIDPOINT OF FINE GROOP K-L (SOARCE) 
R OPS*SS (RATES) 
RA BROAD GRCOP RESONANCE INTEGRAL FOR ABSORPTION 
RA(F) BROAD GRCOP RESUNANCE INTEGRAL FOR FOIL ABSORPTION 
KAD DISTANCE FROM LEFT BOUNDARY OF CELL TO RIGHT BOUNDARY OF REGION 
RAP CUMULATIVE ABSORPTION PROBABILITY 
RATIO NOT USED 
REW REAL PART OF COMPLEX PROBABILITY INTEGRAL WIZ) 
REZ REAL PART OF ARGUMENT FOR COMPLEX PROBABILITY INTEGRAL WIZ) 
RF BROAD GROUP RESONANCE INTEGRAL FOR FISSION 
RF(F) BROAD GRCOP RESONANCE INTEGRAL FOR FOIL FISSION 
RIAC BROAO GRUUP AVERAGE MICROSCOPIC CROSS SECTION FOR ABSORPTION 
RIFC BROAD GRUUP AVERAGE MICROSCOPIC CROSS SECTION FOR FISSION 
RISC BROAD GROOP AVERAGE MICROSCOPIC CROSS SECTION FOR SCATTERING 
RMAX * DISTANCE FROM LEFT BOONDARY OF CELL TO RIGHT BOUNDARY OF COMPOSITION 
SA MACROSCOPIC ABSORPTION CROSS SECTION IN FINE GROUP K 
SCAT TABLE OF SCATTERING RATES FOR EACH MATER IAL/REGION PAIR 
SCL ELASTIC SCATTERING RATE FROM GROUP K-l-L TO K 
SCS BROAD GROUP AVERAGE SCATTERING CROSS SECTION FOR CELL 
SCSGP INTERMEDIATE GROUP AVERAGE SCATTERING CROSS SECTION FOR CELL 
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I G P MACROSCOPIC POTENTIAL SCATTERING CROSS SECTION 
c r o m > M4TFRIAL POTENTIAL SCATTERING CROSS SECTION 
s CSBG INllRiECIATE GROUP AVERAGE SCATTERING CROSS SECTION 
TlGTR iACROSCOPIC TRANSPORT CROSS SECTION FOR A COMPOSITION 

ÎlK ^ : f i : : l ^OI^^^Ri^^el°:Ei:ErN°^S^U^« .N O R O O P K-1 ANO THAT IN GROOP K 
^ MINUS INGROUP SCATTERING CONTRIBUTION IN GROUP K 
SOURCE SLU-ING DOWN SOURCE IN GROUP K 
SPN NOT OSED 

(AB E3 AND E4 TABLES 
J , . . REGION OPTICAL THICKNESS (RATES) 
,EMP * TEMPERATURE OF " M P O S IT ION (DEGREES KELVIN) . . J Q ^ . ^ C E IS TO BE 

MEDIATE GROUP) 
Jl TABLE OF IMAGINARY PART OF WIZ) 
TITLE * ALPHAMERIC TITLE OF PROBLEM 
TUT OPTICAL THICKNESS OF UNIT CELL(H) 
TCT3 NOT USED 
,r Q/REGION OPTICAL THICKNESS 
TR TABLE OF REAL PART OF W(Z) 
H FOIL COLLISION RATE IN FINE GROUP K 
r i^^pl^'l^ETH^iirBO^Ni^O^MNE GROUP K (SOARCE, 
1;;;:̂  * ^i^lRS^S^^T^E^rorLElnlRGY WIDTH 

E E R p : R O ; = S;n̂ SAn̂ OOP(U*OATE*ENGP(l,) 
VI ARGUMENT OF S3(V1,H) IN XTRAP 

;ry^'^l3°^ANrir4r^orsS;^MtrG E 3 AND E 4 F O N C T I O N S 

II DELTA, WHERE Z*Y.V4, IN YZ3 AND YZ4 
V5 NOT OSED 
V6 NOT USED 
V7 S3(V1,H) IN XTRAP 
V8 S4(V2.H) 
V9 S3(Y,H)-S3(Z,H) 
VIO S4(Y,H)-S4(Z,H) 
V H NOT OSED 
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V12 NOT OSED 
V13 NOT USED 
WORK DOUBLE LENGTH OPTICAL THICKNESS VECTOR 
WW2 GAOSS QUADRATURE WEIGHTS FOR S2(Z,H, 
V,W3 GAUSS QUADRATURE WEIGHTS FOR S3(Z,H, 
V,W4 GAOSS QUADRATURE WEIGHTS FOR S4(Z,HI 
XAREAC XNFB/AREAC 
XAREAT XNFB/AREAT 
XC .004126+.0062B*EXP(-19.8*T0T, 
XN NOT OSED 
XNFB I/NFI(IBG) 
XRES SQRTIER/ENERGY OF GROOP K) 
XIEMP TEMPERATURE OF REGION IDEGREES KELVIN) 
Y AIMZ (QUICKW) 
Y ARGUMENT IN S3(Y,H, OR S4(Y,H) IN YZ3 AND YZ4 
Z ARGUMENT IN S3(Z,H, OR S4(Z,H) IN YZ3 AND YZ4 

114 



REFERENCES 

1. P . H. Kier and A. A. Robba, RABBLE^A P r o g r a m ^ ^ ^""^P^; -^^"" °^ 
Resonance Absorption in Multiregion Reactor Cells, ANL-7326 
(April 1967). 

/> (X) 

2. G. Placek, The Functions E„(x) = 1̂  exp(-xu)u-" du. N . B S . Appl. 

Math. Ser ies , No. 37, U.S.G.P.G., Washington (1954). 

3. Burton S. Garbow, Matrix Inversion with Accompanying Solution of 
Linear Equations, ANL F402S (Dec 1967). 

4 Alvin M. Weinberg and Eugene P. Wigner, The Physical Theory of 
• Neutron Chain Reactors , p, 196. The University of Chicago P r e s s , 

Chicago (1959). " 

5 C R. Adkins, T. E. Murley, and M. W. Dyos. A Detailed Method for 
' Calculating the Low Energy Multigroup Cross Sections and the Doppler 

Coefficient in a Fas t Reactor, Nucl. Sci. Eng. iU, ^^o-350 (1969). 

6. B. J. Toppel, A. L. Rago, and D. M. O^SheaMC^ A Cod t . Calculate 
Multigroup Cross Sections, ANL-7318, p. 23 (June 1967). 

7 T^^. c..,.temA60 FORTRAN IV L. . .^ua .e . Fo rm " 8 - 6 5 1 5 - 7 , Eighth 
Edi t iol International Business Machines Corp., New . o r k pp. 47-49 
(Oct 1968). 

8. > , - , - ^ r..... r . .nss ian Quadratures f o ; r e x p ( - x ) f ( x ) d x / x " ^ and 

r g(x) dx/x"^. Math. Comput. 23(106), p. 447 (1969) 

„ J- .-• T^anofer nn 57-60, Dover Publications, 
9. S. Chandrasekhar, Radiative Transfer , pp. =' o , 

New York (I960). 

10 V ^.F.d.iee...Corrrp^^t^tionsA^^ 
Dover Publications, New York (1959). 

A r . n r a e Weiss Tables of Abscissas and Weights 
11. Philip Rabinowitz and George weiss , j_a _ 

, , , . . . , Tr. . . i . . t ,on of Integrals of t h e X g r m X ^ J W W ^ -

Mathematical Tables and Other Aids to Computation 13, pp. 285-294 

(1959). 

12. MUton Abramowitz and Irene A. Stegun (Editors), ^^^^^22^£^^ 
rr^tical Functions, Fifth Edition 55, p. 923, U.S.G.P.U., vva fe 
71966). 

115 



13. Ibid. , p . 886 . 

14. F . L. Fi l lmore and L. D. Felten, The CALHET Heterogeneous P e r t u r 
bation Theory Code and Application to ZPR-3-48, AI-67-91 (Aug 1967). 

15. F . L. Fi l lmore , The CALHET-2 Heterogeneous Perturbat ion Theory 
Code and Application to ZPR-3-48, AI-69-13 (March 1969). 

16. IBM System/360 Operating System Job Control Language, 
Form C28-6539-8, Ninth Edition, International Business Machines 
Corp., New York (Nov 1968). 

116 



ARGONNE NATIONAL LAB WEST 


